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(57) Abstract: The present invention 
is generally directed to a polymeric 
metal complex comprising a polymeric 
material haying a plurality of a first-type 
functional groups, wherein at least 
a portion of the functional groups 
are coordinated to at least one metal 
containing complex, polymeric-metal 
complex salts comprising at least one 
polymeric material having a plurality 
of first-type functional groups having a 
chaige, and at least one metal complex 
having an opposite chaige. It further 
relates to devices that are made with 
the polymeric metal com|dex or the 
polymeric-metal complex salt. 
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TITLE 

POLYMERS HAVING ATTACHED LUMINESCENT METAL COMPLEXES 

AND DEVICES MADE WITH SUCH POLYMERS 
BACKGRQUNn OF THE INVENTION 

5 Field of Ihe Invention 

This Invention relates to polymeric materials having luminescent 
metal complexes attached thereto. The invention also relates to 
polymeric-metal complex salts comprising at least one polymeric material 
having a plurality of first-type functional groups having a charge, and at 

10 least one metal complex having an opposite charge. TTie Invenfion further 
relates to electronic devices In which the active layer includes such 
polymeric materials. 

Description of the Related Art 

Organic electronic devices that emit light, such as light-emitting 

15 diodes that make up displays, are present in many different Idnds of 
electronic equipment In ail such devices, an organic active layer is 
sandwiched between two electrical contact layers. At least one of the 
electrical contact layers Is light-transmitting so that light can pass ttirough 
the electrical contact layer. The organic active layer emits light through 

20 the Hght-transmltUng electrical contact layer upon application of electricity 
across the electrical contact layers. 

It Is well known to use organic electroluminescent compounds as 
the active component in light-emitting diodes. Simple organic molecules 
such as anthracene, thiadiazole derivatives, and coumarin derivatives are 

25 known to show electroluminescence. Semlconductive conjugated 
polymers have also been used as electroluminescent components. 
Polymeric materials with stiibenyl or oxadlazole side chains have been 
reported by Holmes et at., U.S. Patent j5,653,91 4. 

Polymeric light-emitting compounds are frequently insoluble in most 

30 common solvents and can be difficult to coat. They are also usually 
susceptible to degradation when exposed to air and/or moisture, which 
can complicate the coating process. Small molecule light-emitting 
materials are usually deposited by evaporative techniques. The 
equipment required for such processes can be quite expensive and may 

35 not be adaptable to continuous processing. Small molecule light-emitting 
materials can be coated from solution. However, they have a tendency to 
crystallize with evaporation of the coating solvent, which reduces their 
electroluminescent effectiveness. 
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There is a continuing need for electroluminescent compounds 
having improved efficiency and processes for preparing them. 

SUMMARY Of THE INVENTION 

the present Invention is directed to a polymeric metal complex 
5 comprising a polymeric material having a plurality of first-type functional 
groups, wherein at least a portion of the first-type functional groups are 
coordinated to at least one metal containing complex. The invention is 
also directed to a polymeric-metal complex salt comprising a polymeric 
material having first-type functional groups having a charge and at least 
10 one metal complex counterion having the opposite charge. In one 

embodiment, the metal in the polymeric-metal complex or polymeric-metal 
complex salt is a lanthanide metal which is further coordinated to a 
phosphine oxide, N-oxide, or dilmine ligand- N-oxides are nitrogen- 
containing llgands where the nitrogen atom is oxidized by being tx)und to 
IS a single oxygen atom. 

In another embodiment, the first-type functional groups in the 
polymeric-metal complex are selected from phosphine oxides, N-oxides 
and diimines and the metal is a lanthanide metal which is further 
coordinated to one or more enolate ligands. 
20 In another embodiment, the first-type functional groups in the 

polymeric-metal complex salt are substituted ammonium ions and the 
metal complex counterion is a lanthanide metal which is further 
coordinated to four enolate llgands. 

In another embodiment, the metal in the polymeric metal complex 
25 or polymeric metal complex salt is iridium which is further coordinated to a 
2-arylpyridlne, 2-arylpyrimldine, or 2-arylquinoline. 

In another embodiment the metal In the polymeric metal complex or 
polymeric metal complex salt is Al or Zn and is further coordinated to a 
Schiff base ligand. 

30 The invention is further directed to an organic electronic device 

having at least one emitting layer comprising a polymeric metal complex or 
a polymeric-metal complex salt. 

By "coordinated" it is meant that one atom of the functional group 
forms a bond with the metal atom, where the functional group atom is a 

35 Lewis base donor atom, and the metal atom is a Lewis acid acceptor 
atom. As used herein, the term ''compound" is intended to mean bulk 
material consisting essentially of molecules of the same type. The term 
"ligand" is intended to mean a molecule, Ion, or atom that is attached to a 
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metal ion or atom. The temi "complex", vvhen used as a noun, is intended 
to mean a compound having at least one metal Ion coordinated to at least 
one Hgand. The tenm "group" is intended to mean a part of a compound, 
such a substituent in an organic compound or a ligand In a complex. The 
5 temi "moiety" is intended to mean the functional part of a group. The term 
"functlonallzed polymer is Intended to mean a polymer having at least one 
functional group(s) prior to complexation with a metal. The term 
"precursor metal compound" Is intended to mean a metal compound 
before it is attached to the functionalized polymer. The temi "polymeric 

10 metal complex" is intended to mean polymeric material containing first- 
type functional groui>s where at least a portion of the first-type functional 
groups are coordinated to at least one metal containing complex. The 
tern) "polymeric-metal complex self is intended to mean polymeric 
material having first-type functional groups having a charge and at least 

IS one metal complex counterion. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of a light-emitting device (LED). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

This invention relates to luminescent polymeric materials 
20 comprising a functionalized polymer having a plurality of first-type 

functional groups, at least a portion of which are associated with metal 
ions. The metal ions can be associated by coordination. The metal ions 
are coordinated to the first-type functional groups of the functionalized 
polymer to form a polymeric-metal complex. The metal ions can also be 
25 associated by an ionic bond. Ionic metal complexes of one charge are 
present as a counterion for functionalized polymers having first-type 
functional groups of the opposite charge, to form a polymeric-metal 
complex salt. 

In the polymeric-metal complex, the first-type functional group Is a 
30 group that is capable of coordinating to a metal. Useful first-type 
functional groups generally contain at least one nitrogen, oxygen, 
phosphorus or sulfur atom. Examples of suitable first-type functional 
groups include: carboxylic acid groups, or the acid salt; sulfonic acid 
groups, or the acid salt; groups having an -OH moiety, such as alkoxyl and 
35 phenoxyl; primary, secondary and tertiary amines; imines and diimlnes, 
such as pyridine, bipyridine and phenantiiroline, and derivatives, including 
their oxides; phosphines; phosphine oxides; p-dicari3onyl groups, nitrites 
and isonitriles, cyanates, isocyanates, and any other coordinating groups. 

3 
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Preferred first-type functional groups are carlwxylic acid, sulfonic add, 
alkoxyl, bipyridlne, phenanthrofine, and p-dlcarbonyl. As used herein, the 
lenn "p-dteartronyT is intended to mean a neutral compound In which two 
ketone groups are present, separated l>y a CHR group. The temn 
5 "enolate" is Intended to mean the anionic fonn of the p-dicart)onyl in which 
the H from the CHR group has Ijeen alastracted. It should be understood 
that the composition of a first-type functional group in the functionalized 
polymer may be identical to or different from the composition of another 
first-type functional group in the same functionalized polymer . 

10 In the polymeric-metal complex salt, the first-type functional group 

is a group that has either a negative or positive charge. Examples of 
negatively charged first-type functional groups include carboxylate 
(RCO2-). sulfonate (RSO3-). enolate[RC(0)CR'C(0)RT^ alkoxide (RO-), 
and deprotonated amine (NRR*-), where the various R groups can 

1 5 represent attachment to the polymer, alkyi, aiyl, or hydrogen. Examples of 
positively charged first-type functional groups Include ammonium groups 
having substitutents which can be hydrogen, alkyI, aryl, orcombinattons 
thereof. Such first-type functional groups can also be selected from any 
positively charged N-containing heterocyclic group, such as pyrldlnium. 

20 The metal and coordinated ligands, in the polymeric-metal complex 

and the polymeric-metal complex salt, are capable of luminescence 
through metal-to-ligarKi transitions, metal-metal transitions, or intraligand 
transitions. Preferred metals are the lanthanlde metals, the Group 7, 8, 9, 
10, and 1 1 transition metais, and the Group 12 and 13 metals, using the 

25 lUPAC numt)erlng system, numbering the groups from 1-18 (CRC 
Handbook of Chemistry and Physics, 81 st Edition, 2000). Particularly 
preferred metals are europium, teriJium, thulium, rhenium, ruthenium, 
osmium, rtiodium, iridium, platinum, palladium, gold, aluminum and zinc, 
in the polymeric-metal complex, the at least one metal ions or 

30 atoms are coordinated to a" plurality of ligands, at least one of which is the 
first-type functional group on the functkwialized polymer, in the case 
where luminescence is due to metial-to-ligand transitions, the nature of the 
ottier ligands can effect the luminescence strength, wavelength, efftolency 
and other properties. The other ligands are discussed in more detail 

35 beksw. 

In the polymeric-metal complex salt, the metal is coordinated to 
ligands to form a complex which is Ionic, having a charge opposite in sign 
from the charge on the first-type functional groups. The metal complex is 

4 
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the counterion to the charged functionallzed polymer. The metal complex 
counterion comprises a metal cation and llgands which may or may not l)e 
charged. If the charge on the metal exceeds the total negative charge of 
the llgands, then the complex will be a cation. It can then act as a 
5 counterion for a negatively charged polymer. If the total negative charge 
of the llgands is greater than the positive charge of the metal, then the 
complex will be an anion. It can then act as a counterion for a positively 
charged polymer. As with the polymeric-metal complex, when the 
luminescence is due to metal-to-llgand transitions, the nature of the 

10 llgands in the metal complex counterion can affect the luminescent 
properties. Specific examples of metal complex counterions are 
discussed below. 

Polymeric-metal complexes and polymeric-metal complex salts of 
the present invention can be obtained from combining at least one 

15 . functionallzed polymer with at least one precursor metal compound. 
I, Functionallzed Polymer 

The functionallzed polymeric compounds that are useful in the 
present invention can be generally described as having: (a) a polymeric 
backbone; (b) a plurality of a first-type functlonai group; optionally (c) a 

20 spacer group between the polymeric backbone and the first-type functional 
group; and optionally (d) a plurality of one or more second-type functional 
group(s). The polymeric backbone can be any polymer or copolymer 
having the desired properties and processability, and to which the desired 
first-type functional groups can be attached. Some categories of useful 

25 polymeric backbones include polyacrylates and polymethacrylates; 
polystyrenes; polyesters; potyimides; polyurethanes; polycart)azoles; 
polyfluorenes; polyvinylenes; polyarylene vinylenes; polyamides, polyvinyl 
ethers and esters; polycarbonates; polyoxazollnes; polyphosphazenes; 
fluoropolymers; and others, including combinations thereof. 

30 As discussed above, the first-type functional group is either one that 

is capable of coordinating to a metal (to form a polymeric-metal complex) 
or a group that is negatively or positively charged (to form a polymeric- 
metal complex salt). 

The number of first-type functional groups in the functionallzed 

35 polymer, which also can be described as the •'density of functional 

groups", will determine the "maximum loading of the metal complex" (the 
amount of metal that can be coordinated to the functionalized polymer). 
For the polymeric materials of the invention, the density of first-type 

5 
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functional groups fs detennined by the relative proportion of monomers 
having first-type functional groups (lirst-type functional monomers) to 
monomers not having functional groups ("non-functional monomers") in 
the polymer. The metal center provides the luminescence in the polymeric 
S materials of the invention, and may also provide charge transport 
properties. In the absence of any other charge transport materials, it is 
necessary to have enough of the luminescent metal group to provide a 
continuous patii for charge transport. If ottier charge transport materials 
are present, lower loadings of the metal group may be needed, it also 
10 should be taken into consideration that not all of the first-type functional 
groups may be attached to a metal in the final polymeric metal complex. 
In general, the ratio of first-type functional monomers to non-functional 
monomers can be In the range of about 100:0 (no non-functional 
monomers) to 2:98. In the absence of other charge transport materials, it 
IS is preferred tinat the ratio be in ttie range of 95:5 to 5:95. In the presence 
of additional charge transport materials, the ratio of first-type functional 
monomers to non-functional monomers can be in the range of 2:98 to 
80:20. The first-type functional group can be attached directly to the 
polymer backt>one, as, for example, tiie carfooxyi group of a polyacryllc 
20 acid polymer. However, the metal complexes can be bulky, arKi it is 
frequently preferable to have a spacer group between the first-type 
functional group and the polymeric backbone. Useful spacer groups are 
those that are chemically stable and do not deleteriously affect 
luminescence. The spacer group can be a saturated or unsaturated 
25 aliphatic group, or an aromatic group. The spacer group can contain 
heteroatoms, particularly oxygen and nitrogen. In some cases, a spacer 
group is present because the most readily available monomers for certain 
first-type functional groups have the spacer group. For example, a 
convenient monomer for adding sulfonic acid functionality, is 4- 
30 styrenesulfonic acid, in whfch there is a phenyl spacer group. The spacer 
group generally has 1 to 50 carbon atoms; preferably 5 to 15 cart>on 
atoms. The spacer group can simply provide distance between the 
polymer backbone and first-type functional group, or it can provide 
functionality, as discussed below. 
35 The f unctionalized polymer can also have a second-type functional 

group. The second-type functional group can be present to modify the 
physical properties of the final polymeric metal complex or final polymeric 
metal complex salt. Examples of such types of groups include plasficizing 
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groups, such as alkylene oxide groups, and reactive and/or crosslinkable 
groups, such as terminal vinyl groups and epoxy groups. 

The second-type functional group(s) can also be functional groups 
that modify or improve the luminescent properties of the final polymeric 
S metal complex or final polymeric metal complex salt. Examples of such 
second-type functional groups include those which facilitate charge 
transport and those which alter the color of light emission. Second-type 
functional groups that facilitate charge transport include hole transport 
materials, such as those having arylamine nK)ieties or carbazote moieties; 
10 and hole and electron transport materials, such as conjugated unsaturated 
moieties. Second-type functional groups that alter the color of light 
emission include fluorescent dyes. The second-type functional group can 
be present in the polymer backbone, in the spacer group attached to the 
first-type functional group, or in pendant groups separate from the first- 
IS type functional group. . 

The f unctionalized polymer can be made using monomer(s) having 
the desired functional group(s), using conventional polymerization 
techniques. Examples of suitable acrylic monomers include 2- 
hydroxyethyl methacrylate (hydroxy! functionality); 2-acetoacetQxyethyl 
20 methacrylate (p-dicari3onyi functionality); 4-styrenesulfonic acid and salts 
thereof (sulfonate functionality); acrylic or methacrylic acid (carboxyl 
functionality); 4-styrenecarboxylic acid and salts thereof (cariraxyl 
functionality); and acrylic monomers having pendant groups with any of 
the first-type functional groups discussed above. Functional groups can 
25 be added to polymeric backbones by reacting a compound having the 
functional group and a reactive group with a polymer having another 
reactive group. For example, a compound having the functional group and 
an acid chloride group can be reacted with a polymer having alkoxyl 
functional groups, forming an ester linkage. Alternatively, the acid chloride 
30 group can be the functional group on a polymer and can be reacted with a 
compound having an alkoxyl group. A variety of synthetic routes are 
available in the organic chemistry literature. 
II. Precursor Metal Compound 

The precursor metal compound is one which will coordinate to, 
35 and/or form an ionic bond with, the first-type functional group on the 
functionalized polymer and provide luminescence in the final polymeric- 
metal complex, or polymeric-metal complex salt, as the case may be. 



7 
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In the case of polymeric-metal complex salts, the precursor metal 
compound is a metal complex ion salt with a simple (non-polymeric) 
balancing ion. Examples of metal complex cations include M(dlimine)3^'^, 
where M is a Group 7-1 1 transition metal in the +2 oxidation state; and 
5 Ln(Tifi-C8H8)(HMPA)3l+, where Ln is a lanthanlde metal, CsHs is 1 ,3,5,7- 
cyclooctatetraene and HMPA is hexamethyiphosphoramide. The 
balancing anion in the precursor metal compound can be, for example, 
halide, acetate, sulfate, or nitrate. Examples of metal complex anions 
include complexes of lanthanide +3 metals with four negative ligands, 

10 such as enolates, carboxylates, sulfonates, alkoxides and amides. The 
balancing cation can be, for example. Group 1 or 2 cations. 

In the case of polymeric-metal complexes, the precursor metal 
compound can be a simple metal salt, optionally In the presence of 
additional ligands, or it can be a metal complex. The polymeric-metal 

IS complexes of the Invention will be described in terms of three 

representative types of metals: lanthanides, iridium, and aluminum. 
1 , Lanthanide Metals 

It is preferred that, in the polymeric-metal complex, the lanthanide 
metal is coordinated to at least one ligand selected from a phosphina 

20 oxide, a N-oxide, or a diimine. These ligands can be added separately, or 
they can be present as the first-type functional group on the polymer. The 
remaining coordination sites are preferably occupied by enolate ligands. 
As with the other ligands, the enolate ligands can be present separately, 
or as the first-type functional group on the polymer. 

25 As used herein, the term "phosphine oxide ligand^ is intended to 

mean a ligand having one or more phosphine oxide groups, such as 
monophosphine oxides, diphosphine dioxides, and the like. The 

B 
I 

0=£P— A 

I (Fsst Fotinda) 

C 

phosphine oxide has a Rrst Formula shown below: 
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wherein A is selected from a spacer group attached to a polymeric 
backbone; 

B B 

X— P ; X-P=0;aiidF 
I I 
B B 



where 

B can be different in different parts of the molecule 
and IS CeHnFg^^ where n Is 0 or an Integer 

t^etween 1 and 5 
C = A,B 

X = (CH2)m. (CF2)m. fen-ocene 

m is an integer between 1 and 10. 
Examples of suitable monophosphineoxide ligands include: 
trls(pentafluorophenyl)phosphlne oxide [tpfpO]; 
(diphenyphosphinomethyl)diphenylphosphine oxide 
[dppmO]; (diphenyphosphinoethyl)diphenylphosphine oxides 
[dppeOJ; (diphenyphosphinopropyl)diphenylphosphine 
oxides [dpppO]; (diphenyphosphlnobutyl)diphenylphosphine 
oxides [dppbO]; bis(diphenylphosphinomethyl) 
phenyjphosphineoxide [bisdppmO]; and 
bis(diphenylphosphinoethyl)phenylphosphlne oxide 

[bisdppeO]. 

Examples of suitable diphosphine dioxide ligands include: 

bls(dlphenylphosphlno)methane dioxide Idppm02]; 

1 , 2-bis(diphenylphosphino)ethane dioxide [dppe021; 

1 . 3-bis(diphenylphosphino)propane dioxide [dppp02]; 

1 , 4-bls(diphenylphosphlno)butane dioxide [dppb02]; 

1, r-bls(diphenylphdisphino)ferrocene dioxide [dppFe02]; 

1 , 2-bis(di(pentafluorophenyl)phbsphino)ethane dioxide 

[F5dppe02]; and bis{diphenylphosphinoethyI)phenyl 
phosphine dioxides [bisdppe02]. 
where the plural term ''oxides" is used to indicate that multiple isomers are 
possible and may be present. 
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The phosphine oxide ligands are generally prepared by the 
oxidation of the phosphine analog, as illustrated for a monophosphine 
oxide in Equation (1) below: 

HaOa/EtOH 

5 R(Ph)2P > R(Ph)2P=0 (Equation 1) 

If the phosphine analog is not commercially available, it can be made by 
reacting the lithiated analog with chlorodiphenylphosphlne, or by reacting 
the dihalo analog with lithiated dipheny I phosphine. This Is Illustrated for a 
10 diphosphine in Equations (2) and (2a) below: 

2BuU 2Ph2PCI 
H-R-H ^> U-R-U ^> Ph2P-R-PPh2 (Equation 2) 



15 



2Ph2PU + X-R-X ^> Ph2P-R-PPh2 (Equation 2a) 



The phosphine oxide group can be attached to a polymeric 
backbone by a variety of synthetic routes available In the organic 
chemistry literature. 

The N-oxide ligand generally has a formula selected from a Second, Third 
20 or Fourth Formula below 



10 
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Second Fonnula 




Third Fonmila 




Fourth Formula 



where 



10 



X = attachment to a polymeric backbone, H. R, OR, C(0)OR, 
CN, OH, hallde, where X's can be the same or different 
from each other 

R=CsHaFb 

n is 0 or an integer t^tween 1 and 4; 
s Is an integer between 1 and 4; 
a + b = 2s + 1 

Examples of suitable N-oxide ligands include, but are not limited to: 
pyridine N-oxide [pyO]; 
3-cyanopyridine N-oxide [CNpyO]; and 

11 
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blpyridine bis{N-oxide) [bJpy021. 
Some N-oxIde compounds are commercially available. Others can 
be made by oxidizing a nitrogen containing ligand with oxidants such as. 
for example, hydrogen peroxide. 
5 The N-oxides can be attached to a polymeric backbone using 

known synthetic techniques. In sorne cases it is possible to attach the 
nitrogen-containing ligand and then oxidize. 

The diimlne ligand preferably has a Fifth Fomiula, given below: 



10 




A— ^ 



S3 (FiffliFonmila) 



wherein: 

adjacent pairs of Ri- Rs can be joined to form a five- or six- 
membered ring, 

IS Ri'Rs can be the same or different from each other and are 

selected from H, alkyi, aryl, alkylaryl, CnFan+i, OCnF2n+i. 
and OCF2X, where n is an integer between 1 and 6 and 
X = H, CI. or Br. 

As used herein, the terms "alkyI, aryl and alkylaryr are intended to 
20 encompass both groups which are unsubstituted and the substituted 
analogs. Sut>stituent groups can include alkyi, aryl, halogen, CnF2n+if 
OCnF2n+i. and OCF2X, where n is an integer between 1 and 6 and X = H, 
CI, or Br. 

Examples of suitable diimine ligands are dipyridine ligands 
25 having the Fifth Formula and phenanthroline ligands having a Sixth 
Formula below: " . 




(Sixth Formula) 



12 
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Where RrRs defined In the Fifth Formula above; and 
with the substttuents given in Table 1 . 



Ligand 


Formula 


Ri 


Rp 


R3 


R4 






R7 


Rfi - 


1-a 


Rfth 


H 


H 


H 


H 


H 


H 


H 


H 


1-b 


Fifth 


H 


H 


CFa 


H 


H 


CF3 


H 


H 


1-c 


Sixth 


H 


Ph 


H 


H 


H 


H 


Ph 


H 


1-d 


Sixth 


H 


H 


Ph 


H 


H 


Ph 


H 


H 


1-e 


Sixth 


CHg 


H 


Ph 


H 


H 


Ph 


H 


CH3 



The dlimine ligands are frequently commercially available. 
Derivative compounds can be made by a variety of well-known synthetic 
routes. The dlimine group can be attached to a polymeric backbone by, 
for example, reacting an acid chloride derivative of the dlimine with a 
10 polymer having alcohol functional groups. Similarly, a dlimine derivative 
with an alcohol group can be reacted with a polymer having acid chloride 
groups. A variety of synthetic procedures are available in the organic 
chemistry literature. 

The enoiate ligands generally have a Seventh Formula given 

IS below: 



b— o 
c— or- 



I 
I 



(-0 



(Sevraxth Fonnula) 



where R1, R2, r3 are alike or different from each other. The R groups can 
20 be hydrogen, halogen, siAsstituted^or unsubstttuted alkyi, aryi, alkylaryi or 
heterocyclic groups. Adjacent R groups can be joined to fonn five- and 
six-membered rings, which can be substituted, and may be N-, 0-, or S- 
containlng heterocyclic rings. Preferred Ri and R3 groups are selected 
from H. F, CnHaFb, CeHs which may be substituted with alkyi, aryl, halide, 
25 or combinations thereof, C4H3S, and C4H3O, where n is an integer 

between 1 and 6 and a + b = 2n + 1 . Preferred R2 groups are H, CHa-aryl, 
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halide, and CnHaFt,, where n is an integer between 1 and 6 and a + b = 2n 
+ 1. 

Examples of suitable enolate ligands include the compounds listed 
below. The abbreviation for the enolate form is given in brackets. 
S 2,4-pentanedionate[acac]; 

1 ,3-diphenyl-1 ,3-propanedlonate [Dl]; 
2,2,6,6-tetramethyl-3,5-heptanedlonate[TMHl; 
4,4,4-trifluoro-1 -(2-thienyl)-1 ,3-butanedlonate [TTFA]; 
7,7-dlmethyH ,1 ,1 ,2,2,3,3-heptafluoro-4,6-octanedlonate 

10 IFOD]; 

heptafluoro-2,4«pentanedionate IFZacac]; and 
1-phenyl-3-methyl-4-Abutyryl-pyrazollnonate. 
The p-dicarbonyls are generally available commercially. 
HeptafIuoro-2,4-pentanedione;CF3C(0)CFHC(0)CF3 , can be prepared 
IS using a two-step synthesis, based on the reaction of perfluoropentene-2 
with ammonia, followed by a hydrolysis step. This compound should be 
stored and reacted under anyhydrous conditions as it is susceptible to 
hydrolysis. 
2. Iridium 

20 The poiymeric-metal complexes with iridium metal are 

preferably made from precursor iridium compounds which are complexes 
having at least one Ifgand, L, which is a 2-arylpyridine, a 2-arylpyrimidine 
or a 2-arylquinoline. More preferably, the iridium complex has two L 
ligands. These complexes are frequently referred to as cyclometalated 

25 complexes. Llgand L has an Eighth Formula below: 




(Ei^ Formula) 



wherein:.; 

30 adjacent pairs of R1-R4 and R5-R8 can be joined to form a 

five- or six-membered ring, and 
A = C or N, provided that when A = N, there is no R-j . 
The Ri-Ra groups of the Eighth Formula above may be 
chosen from hydrogen or conventional substitutents for organic 
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compounds, such as alkyi, alkoxy, halogen, nitro, and cyano 
groups, as well as fiuoro, fluorinated alkyI and fluorinated 
alkoxy groups. The groups can be partially or fully fluorinated 
(perfluorlnated). Preferred ligands L have all Ri-Rs 
5 substituents selected from hydrogen, fiuoro, perfluorinated alkyI 

(CsF2s4.i ) and perfluorinated alkoxy groups (OCsF2s+i)» where 
the perfluorinated alkyI and alkoxy groups have 1-6 carbon 
atoms, or a group of the formula OCF2X, where X = H, CI, or 
Br. In a preferred embodiment, at least one of Rf -Re In the 

10 eighth formula Is selected from F, CgHaFb, OCsHaFb, and 

OCF2X, where s Is an integer between 1 and 6, a + b = 2s+1, 
and X = H, CI, or Br. 
Examples of suitable ligands L are given in Table 2 below: 



TABLE 2 
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A more preferred precursor iridium complex is an Iridium dimer 
having a Ninth Formula iselow: 
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B 

LI O 

^Ir^ ^ (NinfliFonnula) 
ly ^L^ 

B 

wherein: 

B = H, CH3, or C2H5. and 
La Lb,Lc, and can be the same or different from 
5 each other and each of L®, L^^LS and has the Eighth 

Formula above. 

The iridium dimers can generally be prepared by first reacting iridium 
trichloride hydrate with the 2-phenylpyridine, 2-phenylpyrimidine or 2- 
phenyiquinolinOt and adding NaOB. 
10 One particulariy useful iridium dimer is the hydroxo iridium dimer. 

having a Tenth Formula below: 




(Tenth Fonnula) 



The substituted 2-phenylpyridines, 2-phenylpyrimidlnes, and 2- 
phenylquinolines, are prepared, in good to excellent yield, using the 
15 Suzuki coupling of the substituted 2-chloropyridine, 2-chloropyrimldine or 
2-chloroqulnoline with arylboronic acid as described in O. Lohse, 
P.Thevenln, E. Waldvogel. Synlett, 1999, 45-48. 
3. Aluminum 

Preferred precursor aluminum compounds are complexes including 
20 a multidentate Schiff base llgand. Schiff bases are compounds that are 
prepared by a condensation reaction between an aldehyde or ketone 
derivative and a primary amine. By choosing various different poly-amines 
andaldehydes or ketones, it Is possible to generate a wide anray of 
multidentate anionic ligands. A preferred class of Schiff base ligands has 
25 an Eleventh Fonnula below: 
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(Eleventh Fomnda) 



where A represents a bridging group derived from the poly-amine reactant, 
which can be alkyi, cycloallcyl, or aryl; X and Y represent substiluents on 
the phenyl group of the salicylaldehyde reactant, which can be alkyI or aryl 
groups. Examples of suitable Schiff base ligands are given in Table 3 
below. 



10 



Table 3 



Ligand 


A 


X 


Y 


3-a 


1 ,2-plienyl 


3, S-di-t-butyl 


3. 5-di-t-butyl 


3-b 


Cis-1 ,2- 
cyclohexyl 


3, 5-di-t-butyt 


3. 5-di-t-butyl 


3-c 


Trans-1 ,2- 
cyclohexyl 


3, 5-dl-t-butyl 


3, 5-dj-t-butyl 



One useful precursor aluminum complex can be made by the 
addition of one equivalent of triethylaiuminum to the Schiff base compound 
in hexane or toluene solvent. This forms the ethyl aluminum Schiff base 

IS complex. 

Ill, Polvmeric-Metal Comolexes 

The polymeric-metal complexes are generally prepared by adding a 
precursor metal compound to a functionalized polymer to which it will 
coordinate. The specific choice of functionalized polymer is dependent on 

20 the nature of the precursor metal compound to be added. More than one 
type of metal can be coordinated to a single functionalized polymer. 

A general means of attachment of a metal-ligand precursor 
complex to a polymeric backbone involves two different approaches. Both 
require the use of a polymer derivative that contains a Lewis base 

25 functionality (X) appended to the primary polymer chain (bacl<bone). This 
functionality can be (Method A, shown below) the first-type functional 
group which coordinates directly to the metal, thus making it a iigand in the 
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metal primary coordination sphere (with additional ligands, L^). 
Alternatively, (Method shown below) the polymer functionality can be 
attached covalentiy at a proximal site on a ligand (U) that Is a component 
of the primary coordination sphere (with additional ligands, Ln). 



Method A 



VL„.i VL^i VWi 

iL I Ll ♦ excessMI,-^ A £ h. 



Method B 



^ excess L' 

m 




10 Either method may be used to append any metal-to-Iigand charge transfer 
(MLCT) emitters (Including Re-,Ru-, and Os-dilmlne and Rh-, Ir-, Pd-, and 
Pt*phenylpyridyl complexes), any intraligand charge transfer emitter 
complexes (including Al and Zn Schiff base complexes), or any lanthanlde 
(atomic) emitter complexes (including Eu acetylacetonate complexes). 

IS For example, the polymer-bound Lewis base could either be directly 
attached to the metal or be attached via an acceptor functionality 
appended from a bipyridyl or phenylpyridyl ligand. 

This can be Illustrated more specifically with the class of 
[Re(CO)3(2,2'-bipyridyl)L] emitters. A polymer-bound arylsuHonate 

20 functionality can be directly coordinated to Re using Method A. 
Alternatively, Method B can be used to condense a polymer-bound 
hydroxyethyl functionality with a 2,2'-bipyridyl derivative that has a 
carboxyllc acid functionality appended from a pyridyl cart>on atom. The 
exact reaction conditions vary with the specific materials used. In general, 

25 moderate heat is applied, such as refluxing in a solvent with a boiling point 
of 1 00% or less. The reaction products can then be recovered by 
standard solvent removal and purification procedures. 

The polymeric lanthanlde complexes can generally be prepared by 
the addition of simple metal salts, such as the halide or acetate salts, to 

30 polymers having p-dicarbonyl functional groups in the presence of the 
other phosphlne oxide, N-oxide, or diimine ligands. Solvents such as 
methylene chloride can be used. Alternatively, complexes of the 
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lanthanides with p-dicartx)nyls can be added to polymers having dilmine 
functional groups, such as phenanthroHne or bipyridine; phosphine oxide 
functional groups; or N-oxIde functional groups. 

The polymeric iridium complexes are most conveniently prepared 
5 from the precursor iridium dimers, Ninth and Tenth Formulas above, and 
polymers with Micarbonyt functionality. This is illustrated in Equation (3) 
below: 



10 




THF 
or CH2CI2 




(Equation 3) 



The above reaction rate is very dependent upon the nature of the solvent. 
In THF it requires several days; in dichloromethane, several hours. 

The polymeric aluminum complexes are conveniently prepared 
from the ethyl aluminum Schlff base precursor complex and an acidic 
15 functionalized polymer. This is illustrated in the reaction scheme shown 
as Equation (4) below: 
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B 



XH 




(Equation 4) 



in this reaction scheme. XH represents the polymer functlonallzed 
with a carboxyllc or sulfonic acid group. As the ethyl complex reacts with 
the acid functionality, ethane Is evolved and the conjugate base of the 
5 polymeric acid (X) becomes bonded to the aluminum. 

The polymeric metal complexes of the Invention can generally be 
coated from conventional solvents. The solvent used will depend on the 
nature of the polymeric backbone. For acrylic polymer backbones, 
solvents such as tetrahydrofuran, toluene, dlmethylfomnamlde, 
10 dimethylacetamlde. methylene chloride, and ketones, such as acetone, 
can be used. 

IV. Polvmerin-Metai Complex Salts 

Another route of attaching a precursor metal compound to a 
functionalized polymer Is through the fonnation of an Ionic bond, to fomn a 

15 polymeric-metal complex salt. The polymeric-metal complex salts 
comprise an Ionic form of the functionalized polymer for each 
conesponding metal complex counterion. The ionic fomi of the 
functionalized polymer can have first-type functional groups that are 
negatively charged or poslti>;ely charged. Examples of negatively charged 

20 first-type functional groups include carboxylate, sulfonate, 

enolates,alkoxides, and amides. Examples of positively charged first-type 
functional groups Include ammonium groups having substitutents which 
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10 



15 



can be alkyi aryl or both. Such first-type functional groups can also be 
selected from any positively charge N-contalnIng heterocyclic groups, 
such as pyridlnlum. The functionalized polymer can be charged as 
formed, or can be in a neutral form that can become charged. 

The corresponding metal complex counterlon comprises at least 
one metal cation and ligands which may or may not be charged. If the 
charge on the metal exceeds the total negative charge of the ligands. then 
the complex will be a cation. It can then act as a counterlon for a 
negatively charged polymer. Examples of metal complex cations include 
M(dllmlne)32+, where M Is a Group 7-1 1 transition metal in the +2 
oxidation state; and l_n(ti8-C8H8)(Hiy4PA)3J+, where CqHq is 1 .3,5,7- 
cyclooctatetraene and HMPA is hexamethylphosphoramide. If the total 
negative charge of the ligands is greater than tiie positive charge of tiie 
metal, ttien the complex will be an anion. It can then act as a counterlon 
for a positively charged polymer. Examples of metal complex anions 
include complexes of lanthanide +3 metals with four negative ligands, 
such as enolates, carboxylates, sulfonates, aikoxides and amides. 

The formation of a polymeric-metal complex salt is illustrated in 
Equation 5 below for lanthanide dionate compounds: 



20 




NMeg 




-l-Eu(N03) 3*6hbO 



(Equations) 



EtOH/HgO 





Eu HNMea 
J 4 



This methodology has previously been reported for monomeric 
amines in, for example. Melby, L. R.; Rose, N. J.; Abramson, E.; Carls, J. 
C. J. Chem. Soc. 1964, 51 17. 
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Preferred metal complex salts are the salts of tetrakis(enolate) 
complexes of lanthanide metals; Ru(blpy)32+, Os(bipy)32+, Tb(terpy)33+ 
Pt2(POP)4^'. where blpy is bipyridine, and POP is the anhydride of 
phosphorous acid ((HO)2P-0-P(OH)2). 
5 V, Devices 

Electronic devices of the present invention are useful to exhibit 
photoluminescent and^or electroluminescent properties. They can be 
used in light-emitting diodes, which are discussed further below, 
photodiodeSi photodetectorSi and as photoconductors, as in xerographic 
10 applications. 

Light-emitting diodes are referred to as LEDs or, when the active 
material is organic, as OLEDs. As stated above, OLEDs generally have a 
structure in which an organic active layer is sandwiched between two 
electrical contact layers, in a preferred embodiment the organic active 
15 layer includes at least an electron transport layer, in addition to the light- 
emitting layer. OLEDs frequently have additional hole transport and 
electron transport layers. A typical structure is shown in Figure 1 . The 
device 100 has an anode layer 110 and a cathode layer 150. Adjacent to 
the anode is a layer 120 comprising hole transport material. Adjacent to 
20 the cathode is an optional layer 1 40 comprising an electron transport 

material. Between the hole transport layer and the electron transport layer 
or cathode is the emitting layer 1 30. When a voltage is applied as best 
seen in Figure 1 , the electrons and holes move in the directions indicated 
by the arrows. The electrons and holes combine in the light-emitting layer 
25 to form an excited state, sometimes called an exciton. It is from the 
excitons that photons 1 60 are emitted. The exciton can also decay via 
non-radiative processes. This is known as quenching. 

The polymeric-metal complexes of the invention and the polymeric- 
metal complex salts of the invention are particularly useful as the active 
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high efficiency and small loss. Electron transport nnaterial is defined as 
material that can receive a negative charge from the cathode and move it 
through the thickness of the material with relatively high efficiency and 
small loss. Some materials can transport both electrons and holes and 

5 are more flexible to use. 

To achieve high efficiency in the LED, the HOMO (highest occupied 
molecular orbital) of the hole transport material should align with the wori< 
function of the anode, the LUMO (lowest unoccupied molecular orbital) of 
the electron transport material should align with the work function of the 
10 cathode. Chemical compatibility and processability of the materials are 
also important considerations in selecting the electron and hole transport 
materials. 

With the polymeric-metal complexes and polymeric-metal complex 
salts of the invention, it is preferred to use hole transport materials such as 

15 N.N'-diphenyl-N,N'-bis(3-methylphenyl)-[1 ,1 *-biphenylH,4'-diamine (TPD) 
and bis[4-(N,N-diethylamino)-2-methylphenyl](4-methylphenyl)methane 
(MPMP), and hole transport polymers such as polyvinylcart^azole (PVK), 
(phenylmethyl)polysilane, poly(3,4-ethylenedloxythlophene) (PEDOT), and 
polyaniline (PANI);electron and hole transporting materials such as 4,4*- 

20 N,N'-dlcarbazole biphenyl (BOP); or light-emitting materials with good 
electron and hole transport properties, such as chelated oxinoid 
compounds, such as tris(8-hydroxyquinolato)aluminum (Alqa). When a 
charge transport material is used, the polymeric-metal complex is 
generally present in about 5-80% by weight, based on the total weight of 

25 the layer, preferably 10-50% by weight. 

In some cases the precursor metal complexes or metal complex 
Ions may t>e present in more than one isomeric form, or mixtures of 
different complexes may be present. It will be understood that in the 
above discussion of OLEDs, the term ''precursor metal compound" or 

30 "metal complex ion** is intended to encompass mixtures of compounds 
and/or isomers. 

The other layers in the OLEb can be made of any materials which 
are known to be useful in such layers. The anode 1 1 0, is an electrode that 
is particulariy efficient for injecting positive charge carriers. It can be made 
35 of, for example materials containing a metal, mixed metal, alloy, metal 
oxide or mixed-metal oxide, or it can be a conducting polymer. Suitable 
metals include the Group 1 1 metals, the metals in Groups 4, 5, and 6, and 
the Groups 8-10 transition metals, as shown on the periodic table of 
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elements (current lUPAC format). If the anode Is to be Iight4ransmltllng, 
mixed-metal oxides of Groups 2, 3, 4. 13 and 14 metals, such as Indium- 
tin-oxide, or a conducting polymer, such as polyanillne, can be used. At 
least one of the anode and cathode should be at least partially transparent 
S to allow the generated light to be observed. 

Examples of hole transport materials for layer 120 have been 
summarized for example, in Kirk-Othmer Encyclopedia of Chemical 
Technology. Fourth Edition, Vol. 18, p. 837-860. 1996, by Y. Wang. Both 
hole transporting molecules and polymers can be used. Commonly used 

10 hole transporting molecules are: N,N'-diphenyl-N,N'-bis(3-methylphenyl)- 
[1,1'-biphenyll-4,4'-diamine (TPD). 1,1-bis[(di-4-tolylamlno) 
phenyQcyclohexane (TAPC), N,N'-bis(4-methylphenyl)-N,N'-bis(4- 
ethylphenyl)-[1 ,1'-(3,3'-dlmethyl)biphenyl]-4,4'-diamine (ETPD), tetrakls-(3- 
methylphenyl)-N,N,N',N'-2,6-phenylenediamine(PDA), a-phenyl-4-N,N- 

15 diphenylamlnostyrene (TPS), p-(diethylamino)benzaldehyde 
diphenylhydrazone (DEH), triphenylamine (TPA), bls[4-(N,N- 
diethylamlno)-2-methylphenyl](4-methyIphenyl)melhane (MPMP), 
1 -phenyl-3-lp-(dlethylamlno)styryl]-5-[p-(dlethylamlno)phenyl] pyrazoline 
(PPR or DEASP), 1,2-trans-bis(9H-carbazol-9-yl)cyclobutane (DCZB), 

20 N,N,N*,N'-tetrakis(4-methylphenyiH1 ,r-biphenyl)-4,4'-dlamine (TTB), and 
porphyrinic compounds, such as copper phthalocyanine. Commonly used 
hole transporting polymers are polyvinylcarbazoie (PVK). 
(phenylmethyl)polysilane, poly(3,4-ethylenedloxythiophene) (PEDOT), and 
polyanillne (PANi). It is also possible to obtain hole transporting polymers 

25 by doping hole transporting molecules such as those mentioned above 
into polymers such as pqlystyrene and polycarbonate. 

Examples of electron transport materials for optional layer 140 
include metal chelated oxinoid compounds, such as . 
tris(8-hydroxyquinolato)aluminum (Alqa); phenanthroline-based 

30 compounds, such as 2,9-dimethyl-4.7-diphenyH ,1 0-phenanthroline 

(DDPA) or 4,7-diphenyl-1 ,1 0-phenanthroline (DPA). and azole compounds 
such as 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1 .3,4-oxadiazole (PBD) and 
3-(4-biphenyIyl)-4-phenyl-5-(4-t-butylphenyl)-1 ,2,4-triazole (TAZ). Layer 
140 can function both to facilitate electron transport, and also serve as a 

35 buffer layer or confinement layer to prevent quenching of the exciton at 
layer interfaces. Preferably, this layer promotes electron mobility and 
reduces exciton quenching. 
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The cathode 150, is an electrode that is particularly efficient for 
Injecting electrons or negative charge carriers. The cathode can be any 
metal or nonmetai having a lower work function than the anode. Materials 
for the cathode can be selected from alkali metals of Group 1 (e.g., U, Cs), 
5 the Group 2 (alkaline earth) metals, the Group 12 metals, the lanthanldes, 
and the actinides. Materials such as aluminum, Indium, calcium, barium, 
and magnesium, as well as combinations, can be used. Li-containing 
organometallic compounds can also be deposited between the organic 
layer and the cathode layer to lower the operating voltage. 

10 It Is understood that each functional layer may be made up of more 

than one layer. 

The OLED can t>e prepared by sequentially depositing the 
individual layers on a suitable substrate. Substrates such as glass and 
polymeric films can be used. The organic layers can be coated from 

15 solutions or dispersions in suitable solvents, using any conventional 
coating technique. In general, the different layers will have the following 
range of thicknesses: anode 110, 500-5000 A, preferably 1000-2000 A; 
hole transport layer 120. 50-1000 A, preferably 200-800 A; light-emitting 
layer 130, 10-1000 A, preferably 100-800 A; electron transport layer 140, 

20 50-1000 A, preferably 200-800 A; cathode 150, 200-10000 A, preferably 
300-5000 A. The location of the electron-hole recombination zone In the 
device, and thus the emission spectrum of the device, can be affected by 
the relative thickness of each layer. Thus the thickness of the electron- 
transport layer should be chosen so that the electron-hole recombination 

25 zone Is in the light-emitting layer. The desired ratio of layer thicknesses 
will depend on the exact nature of the materials used. 

It is understood that the efficiency of devices made with the 
polymeric-metal complexes and polymeric-metal complex salts of the 
invention, can be further improved by optimizing the other layers in the 

30 device. For example, mortf efficient cathodes such as Ca, Ba or LiF can 
be used. Shaped substrates and novel hole transport materials that result 
in a reduction in operating voltage or Increase quantum efficiency are also 
applicable. Additional layers can also be added to tailor the energy levels 
of the various layers and facilitate electroluminescence. 

35 EXAMPLES 

The following examples illustrate certain features and advantages 
of the present invention. They are Intended to be illustrative of the 

25 
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invention, but not limiting. All percentages are by weight, unless othenwlse 
indicated. 

DEVICES 

Thin film OLED devices In Examples 31-33 and Comparative 
5 Examples A and B were fabricated by spin-coatlng. and consisted of the 
following components: an anode, a hole transport layer (HT layer), an 
electroluminescent layer (EL layer), and a cathode, were fabricated by 
spin coating. The devices were made and tested In accordance with 
Procedure 1 or Procedure 2 as described below: 

10 Procedure 1 

A substrate of Indium tin oxide (ITO) on glass was used, having an 
ITO thiclcness of about 1 000 to 1 500 A. The HT layer was spin-coated 
onto the ITO substrate. The HT layer was PEDOT (Baytron® P from 
Bayer, Germany) at a thickness of 500-1000 A; polyvinylcart>a2ole (PVK) 

15 at a thiclcness of about 1 000 A; or a bllayer of PEDOT and PVK at 

thicknesses of 500-1 000 A and about 1 000 A, respectively. The polymeric 
metal complex (200 mg) was dissolved In 1 0 mL toluene (2.0% w/v), 
filtered through a 0.22 micron filter, and spin-coated at different spin 
speeds over the HT layer. The thicknesses of resulting films were 

20 measured by a TENCOR 500 Surface Profiler. 

For the cathode, Ba and Al layers were vapor deposited on top of 
the EL layers under a vacuum of 1 x 10-6 tonr. The final thickness of the 
Ba layer was 30 A; the thickness of the Al layer was 3000 A. Device 
performance was tested inside a dry box using a calibrated Si photodiode. 

25 Procedure 2 

In this procedure, all thicknesses were measured using a Wyco 
optical intereference profilometer. 

A 50 mm x 50 mm glass substrate was used having a pattern of 
indium tin oxide (ITO) pads as an anode. Jhe pads were 3 mm x 19 mm 
30 in a 2 X 5 array, 30 ohm ITO. The substrate and anode were cleaned by 
rinsing with mettianol/water, dried and, further cleaned with an oxygen 
plasma etcher. These were stored under nitrogen atmosphere until used. 

The HT layer was PEDOT, purchased as Baytron® P-VP AI4083. It 
was spin coated over the anode/substrate from above as supplied 
35 (1 .3 wt% solids) at 2000 rpm. The coated HT layer was dried at 1 1 0^C 
under nitrogen for 15 minutes and cooled under nitrogen. The final 
thickness was at)out 80 nm. 
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The EL layer was spin coated over the dried HT layer, and then 
dried at alwut 1 1 0^C. The solution concentration and spin speed are 
given in the examples. In general, a solution at 1 wt% that was spun at 
1000-4000 rpm gave a film having a thickness of about 50-100 nm. 
5 A cathode layer of Al was vapor deposited by thermal evaporation 

over the EL layer to a thickness of 2000 A, using a 20 mm shadow mask. 

To test the devices, contact pads were first fonned by cleaning off 
the organic material in selected areas with solvents^ Power was then 
applied from a DC power supply and the light output was measured with a 
10 luminance meter, In Cd/m^. Current/voitage/iuminance curves were used 

to calculate efficiencies in Cd/A. 

CONTROL COMPOUNDS 

In Comparative Examples A and B, the control polymers were 
polymers having no functional groups. The control complexes were 
15 complexes not attached to polymers. 
Control Polymer 1 fCP-1 ) 

A copolymer of n-butylmethacrylate (NBMA) and methyl 
methacrylate (MMA) was prepared t>y charging the following components 
listed in Table 4A belovi to a 1 -liter flask equipped with a thermocouple. 
20 stirrer, dropping funnels, reflux condenser, and the means for bubbling 
nitrogen through the reaction. 

TABLE 4A 

Portion 1 Parts bv weioht (orams^ 



25 n-Butyl methacrylate 48.0 

l\4ethyl methacrylate (MMA) 2.0 

2,2'-Azobis (2,4-dimethyl valeronitrile): Vazo®-52 1 .60 

Tetrahydrofuran (THF) 40.0 
Portion 2 

30 2,2'-Azobis (2,4-dimethyl valeronitrile): Vazo®-52 5.0 

Tetrahydrofuran 90.0 
Portion 3 

n-Butyl methacrylate 132.0 

Methyl methacrylate 1 8.0 

35 Tetrahydrofuran 40.0 

Total 362.82 
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The monomere and the initiator in portion 1 listed In Table 4A above 
were dissolved in 40 grams of THF In the reaction flask. Nitrogen was 
sparged through the solution in the reaction flasic while heating the 
solution by a mantle to reach the reflux temperature. Then portion 2 
5 Vazo(B>-52 initiator dissolved in 90 grams of THF and portion 3 monomers 
in 40 grams of THF were fed simultaneously into the reaction flask at a 
uniform rate over 5 hours and 4 hours respectively at reflux temperature. 
After the initiator, feed (portion 2) was over, the reaction solution was held 
at reflux temperature for another 60 minutes. Finally the polymer solution 

10 was precipitated by adding the polymer solution into excess (2000 grams) 
of methanol and solvent was decanted. The polymer was rinsed twice 
with methanol and dried in a vacuum oven for 48 hours at 36°C. The 
properties are given in Table 4 below. 
Control Complex 1 (CC-1) 

15 Eu(TTFA)3 is available commercially. It also can t)e made 

according to the procedure in Melby, L R.; Rose, N. J.; Abramson, E.; 
Caris, J. C. J. Am. Chem. Soc. 1 964, 86, 51 17. 
Qontrol Complex 2 (CC-Z) 

This control is an iridium complex, not complexed to a polymer, 

20 having two llgands derived from the compound in Example 21 below and 
one acetylacetonate ligand. 

A mixture of the iridium hydroxo dimer (100 mg) from Example 22, 
ethyl acetoacetate (0.075 mL; 4-fold excess), and dichioromethane (4 mL) 
was stirred at room temperature overnight The solution was filtered 

25 through a short silica plug and evaporated to give an orange-yellow solid 
which was washed with hexanes and dried. The yield of the complex was 
109 mg (94%). 1H NMR (CD2CI2): 1 .1 (t, CH3), 3.9 (dm, CH2). 4.8 (s, 
CH3COCH), 5.9 (m), 6.7 (m), 7.7 (m). 8.0 (m), 8.8 (d). ""^F NMR (CD2CI2): 
-63.1 (s, 3F), -63.2 (s, 3F), -109.1 (ddd, IF). -109.5 (ddd). Analysis: 

30 Calcd: C, 44.9; H, 2.6; N, 3.5. Found: C, 44.4; H, 2.6; N, 3.3. 
Control Comnlex 3 fCC-3) 

This control is.an aluminum complex, not complexed to a polymer, 
having a ligand derived from the compound in Example 21 below and one 
sulfonate ligand. 

35 Under a dry nitrogen atmosphere, 0.594 g (1 Mm) ethylalumlnum 

Schiff base from example 22 and 0.186 g (1 Mm) p-ethylbenzenesulfonic 
acid were mixed in dry tetrahydrofuran. After stirring for 30 mins the 
solution was evaporated to dryness and the resulting yellow solid was 
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recrystallized from methylene chloride/hexane under dry nitrogen to 
produce the complex of equation (4) where X = p-ethylbenzenesulfonate- 

EXAMPLES 1-15 

Examples 1-15 illustrate the preparation of the functionalized 
5 polymers, and a non-functionalized control polymer. The number average 
molecular weight (Mn) was determined by gel permeation chromatography 
(GPC). The polydispersity (PD), by which is meant the ratio of weight 
average molecular weight (Mw) to Mn, was determined by GPC. A 
summary of the polymer compositions and properties is given in Table 4 
10 below. 

EXAMPLES 1-4 

These examples illustrate the preparation of a polymer having 
carboxylic acid functional groups. 

EXAMPLE 1 

IS A copolymer of n-butylmethacrylate (NBMA) and methacrylic acid 

(l\/IAA) was prepared by charging the components listed in Table 5A below 
to a 1 -liter flask equipped with a thermocouple, stirrer, dropping funnels, 
reflux condenser, and the means for bubbling nitrogen through the 
reaction. 

20 TABLE 5A 



Portion 1 Parts bv weight (grams) 



n-Butyl methacrylate 


48.0 


Methacrylic acid 


2.0 


2,2'-Azobis (2,4-dimethyl valeronitrile): Va20©-52 


0.02 


Tetrahydrofuran (THF) 


20.0 


Portion 2 




2,2'-A20bis (2,4-dimethyl valeronitrile): Va20®-52 


2.8 


Tetrahydrofuran 


10Q.0 


Portion 3 

■ " ' •% 




n-Butyl methacrylate 


132.0 


Metiiacrylic acid 


18.0 


Tetrahydrofuran 


40.0 


Total 


362.82 



35 The monomers and the initiator In portion 1 of Table 5A above were 

dissolved In 20 grams of THF in the reaction flask. Nitrogen was sparged 
through the solution In the reaction flask while heating the solution by a 
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mantle to reach the reflux temperature. Thert the portion 2 Vazo®-52 
Initiator dissolved in 100 grams of THF and the portion 3 monomers In 
40 grams of THF were fed simultaneously into the reaction flask at a 
uniform rate over 5 hours and 4 hours respectively at reflux temperature. 
5 After the initiator, feed (portion 2) was over, the reaction solution was held 
at reflux temperature for another 60 minutes. Rnaiiy after cooling to room 
temperature, a portion of the polymer solution (100 grams) was 
precipitated by adding the polymer solution Into excess (300 grams) of 
petroleum ether and solvent was decanted. The polymer was rinsed twice 
10 with petroleum ether and dried in a vacuum oven for 48 hours at 36^. 
The polymer yield was 91 %. 

EXAMPLES 2-4 

The procedure of Example 1 was repeated using different amounts 
of monomers. 

15 EXAMPLES 5-8 

These examples illustrate the preparation of a polymer having 
p-d{carbonyl functional groups. 

EXAMPLE 5 

A copolymer of isobutyl methacrylate (IBMA) and acetoacetoxyethyl 
20 metiiacrylate (AAEM) was prepared by charging the components listed in 
Table 6A below to a 1 -liter flask equipped with a thermocouple, stinrer, 
dropping funnels, reflux condenser, and the means for bubbling nitrogen 
through the reaction. 

25 TABLE 6A 

Portion 1 Parts bv weight (grams) 

Isobutyl methacrylate (IBMA) 48.0 
2-(Methacryloyloxy)ethyl acetoacetate (AAEM) 2.0 
2,2'-A20b/s (2,4-dimethyl valeronitriJe); Va20®-52 1 .6 

30 Tetrahydrofuran (THF) 40.0 

Portion 2 

2,2'-Azobis (2,4-dimethyi valeronitrile): Vazo(S>-52 5.0 

Tetrahydrofuran 90.0 

35 
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Portion 3 

Isobutyl methacrylate (IBMA) 132.0 
2-(Methacryloyloxy)ethyl acetoacetate (AAEM) 18.0 

Tetrahydrofuran (THF) ^0 

5 Total 376.6 

The monomers and the initiator in portion 1 of Table 6A above were 
dissolved In 40 grams of THF in the reaction flask. Nitrogen was sparged 
through the solution in the reaction flask while heating the solution by a 

10 mantle to reach the reflux temperature. Then the portion 2 Vazc<§)-52 
initiator dissolved in 90 grams of THF and the portion 3 monomers in 
40 grams of THF were fed simultaneously into the reaction flask at a 
uniform rate over 5 hours and 4 hours respectively at reflux temperature. 
After the initiator feed (portion 2) was over, the reaction solution was held 

15 at reflux temperature for another 60 minutes. Finally after cooling to room 
temperature, a portion of the polymer solution (100 grams) was 
precipitated by adding the polymer solution into excess (300 grams) of 
petroleum ether and solvent was decanted. The polymer was rinsed twice 
with petroleum ether and dried in a vacuum oven for 48 hours at 36^C. 

20 The polymer yield was 46.94%. 

EXAMPLES 6-8 

The procedure of Example 5 was repeated using different amounts 
of monomers. 

EXAMPLES 9-11 

25 These examples illustrate the preparation of a polymer having 

alkoxy functional groups. 

EXAMPLE 9 

A copolymer of methyl methacrylate (MMA) and 2-hydroxyeftyl 
methacrylate (HEMA) was prepared by charging the components listed in 
30 Table 7A below to a 2-liter flask equipped with a thenmocouple, stirrer, 
dropping funnels, reflux condenser, and the means for bubbling nitrogen 
through the reaction. 
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TABLE 7A 

Portion 1 Parts bv weight (grams) 

Acetone 1 10.0 

t 

5 Portion 2 

Methyl methacrylate 360.0 

2-Hydroxyethyl methacrylate 360.0 

Portion 3 

10 2,2'-Azobls (2,4-dimethyl valeronitrlle): Vazo®-52 6.0 

Acetone 125.0 

Total 961 . 

The solvent (acetone) in portion 1 of Table 7 A above was added to 
15 the reaction flask. Nitrogen was sparged through methanol in the reaction 
flask while heating the solution t>y a mantle to reach the reflux 
temperature. Then portion 3 Vazo®-52 initiator dissolved in 125 grams of 
acetone and portion 2 monomers were fed simultaneously into the 
reaction flask at a uniform rate over, 5 hours and 4 hours respectively at 
20 reflux temperature. To reduce the viscosity of the solution during 

polymerization, 100 mL of acetone was added each time after feeding 
(portions 2 and 3): at 98 minutes, 150 minutes, 170 minutes, 217 minutes, 
253 minutes and 300 minutes. After the initiator feed (portion 3) was over, 
the reaction solution was held at reflux temperature for another 60 minutes 
25 and then cooled to room temperature to stop the polymerization. 

EXAMPLES 10-11 
The procedure of Example 9 was repeated using different amounts 
of monomers. 

EXAMPLE 12 

30 This example illustrates the preparation of a different polymer 

having alkoxy functional groups. 

A copolymer of isobutyl methacrylate (IBMA) and 2-hydroxyethyl 

methacrylate (HEiy^A) was prepared by charging the components listed in 

Table 8A below to a 1 -liter flask equipped with a thermocouple, stirrer, 
35 dropping funnels, reflux condenser, and the means for bubbling nitrogen 

through the reaction. 
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TABLE 8A 

Portion 1 Parts bv weight ^arams) 

Isobutyi methaciylate "IS.O 

2-Hydroxyethyl methaciylate 2.0 

5 2,2'-Azobis (2,4-dimethyl valeronltrile): Vaza®-52 1.60 

Tetrahydrof uran (THF) 30.0 

Portion 2 

2,2'-Azobis (2,4-climethyl valeronitrile): Va20®-52 5.0 

10 Tetrahydrofuran 77.0 

Portion 3 

Isobutyi methacrylate 1 62.0 

2-Hydroxyethyi methacrylate 18.0 

15 Tetrahydrofuran 1Q>0 

Total 323.6 



The monomers and the Initiator in portion 1 of Table 8A above were 
dissolved in 26 grams of THF in the reaction flask. Nitrogen was sparged 

20 through the solution in the reaction flask while heating the solution by a 
mantle to reach the reflux temperature. Then the portion 2 Va20®-52 
initiator dissolved in 77 grams of THF and the portion 3 monomers in 
1 0 grams of THF were fed simultaneously into the reaction flask at a 
uniform rate over 5 hours and 4 hours respectively at reflux temperature. 

25 After the initiator, feed (portion 2) was over, the reaction solution was held 
at reflux temperature for another 60 minutes. Finally after cooling to room 
temperature, a portion of the polymer solution (150 grams) was 
precipitated by adding the polymer solution into excess of petroleum ether 
and solvent was decanted. The polymer was rinsed twice with petroleum 

30 ether and dried in a vacuum oven for24 hours at 25^. The polymer yield 
was 78.3%. 

EXAMPLES 13-14 

These examples illustrate the preparation of a polymer having 
sulfonate functional groups. 
35 Synthesis of tetrabutvlammonium stvrenesulfonate monomer (SSATBA) 

The components listed in Table 9A were combined to make 
SSATBA. 
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TABLE 9A 

Portion 1 Parts bv we ight farams) 

Tetrabutylammonium hydroger) sulfate (TBAHS) 1 36.09 

Deionized water 120.24 

Portion 2 

4-Styrenesulfonic acid, sodium salt hydrate 82.64 

Deionized water 330.56 



The sodium salt of 4-styrenesulfonlc acid was dissolved in 
deionized water (portion 2) in a 2-liter round lx>ttom reaction flask. The 
TBAHS salt dissolved in deionized water (portion 1) was added over 
two minutes through a funnel in the reaction flask at 21 .8%. The reaction 

IS flask temperature increased to 24.6^0. The clear aqueous solution in the 
pot became white before the portion 2 addition was completed. The 
aqueous solution was stirred for 3 hours and in the meantime the solution 
temperature decreased to 23.2%^. The stirring was stopped and allowed 
the solution to sit for overnight. During that time, a major portion of the 

20 monomer was separated as an oily layer. The oily layer was removed to a 
separate flask. The remaining aqueous layer was washed twice with 
about 200 ml of methylene chloride. The methylene chloride washings 
and the oily layer were combined and rinsed with deionized water. The 
methylene chloride solution was dried with anhydrous magnesium sulfate. 

25 Then the methylene chloride was stripped under vacuum to get the pure 
tetrabutylammonium styrenesulfonate (SSATBA) monomer as a white 
solid. 

EXAMPLE 13 
A copolymer of isobutyimetiiacryiate (IBMA) and 
30 tetrabutylammonium styrenesulfonate (SSATBA) was prepared by 
charging the components listed In Table 1 0A below to a 250 ml flask 
equipped with a thermocouple, stirrer, dropping funnels, reflux condenser, 
and the means for bubbling nitrogen through the reaction. 
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TABLE 10A 

Portion 1 Parts bv weight 

(grams) 

IBMA 9.10 

5 SSATBA 1.70 

l\/lethanol 1.60 

2,2'-A20bis (2,4-dimetliyl valeronltrile): Vazo®-52 0.64 

Tetraliydrofuran (THF) 6.30 

10 Portion 2 

2,2'-Azobis (2.4-dimethyl valeronitrite): Vazo(&-52 2.0 
Tetrahydrofuian 19.4 . 

Portion 3 

IS IBMA 36.4 
SSATBA 32.3 

ly/lethanol 22.55 
Tetrahydrofuran 7.0 

Total 144.99 

20 

I 

The monomers and the initiator in portion 1 of Table 10 A above 
were dissolved In the solvent and added in the reaction flaslc. Nitrogen 
was sparged through the solution in the reaction flask while heating the 
solution by a mantle to reach the reflux temperature. Then the portion 2 

25 Va20®-52 initiator dissolved in 19.4 grams of THF and the portion 3 
monomers dissolved in the solvent were fed simultaneously into the 
reaction flask at a uniform rate over 5 hours and 4 hours respectively at 
reflux temperature. During the feeds, whenever the polymer solution 
became very viscous, a sni^ll amount of solvent mixture (methanol and 

30 THF) was added. The additional amount of solvent mixture added during 
the reaction was 67.6 grams. Aftej the initiator feed (portion 2) was over, 
the reaction solution was held at reflux temperature for another 
60 minutes. Finally the polymer solution was precipitated by adding the 
polymer solution into excess (1000 grams) of petroleum ether and solvent 

35 was decanted. The polymer was rinsed twice with petroleum ether and 
dried under vacuum. The polymer yield was 73.8%. 
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EXAMPLE 14 

The procedure of Example 13 was repeated using different 
amounts of monomers. 

EXAIVIPLE IS 

5 This example illustrates the preparation of a polymer having ditmine 

functional groups. 

TABLE 11A 

Component Amount MW Mmol Equiv, 

Example 1 2 polymer 2.00 g 1 .537 1 .8 

10 4,4'-COCI-2,2*-bpy 237.5 mg 281.10 0.845 1.0 

Et3N 777 mg 101.19 7.69 9 

1 ,2-dichloroethane 60 mL 

4,4*-CqCI-2.2'-bpy = 4,4'-bls(chlorocarbonyl)-2,2'-blpyridine 
Et3N = triethylamine 

15 

The reaction components listed in Table 1 1 A above were combined 
in a drybox, then refluxed under nitrogen outside for 2 hours. The acid 
chloride was taken into solution relatively rapidly upon dissolution. The 
volatiles were then removed in vacuo. The residue was redissolved in 
20 toluene and filtered through celite. The filtrate was evaporated to dryness 
and dried in vacuo overnight. Yield 1 .0 g of a pale yellow solid. 

EXAMPLES 16-18 
These examples illustrate the preparation of a polymer having first- 
type functional groups which are 3-dicart)onyl groups, and second-type 
25 functional groups which are charge transport groups. 

EXAMPLE 16 

In this example, a vinylcarbazole group was present as a second- 
type functional group providing hole transport 

A terpolymer of IsobutylmethaGrylate(IBMA) / 9-vinylcarba2ole(VC) / 
30 acetoacetoxyethyl methacrylate(AAEM) was prepared by charging the 
component listed in Table 12A below to a 250 mL flask equipped with a 
thermocouple, stirrer, dropping funnels, reflux condenser, and the means 
for bubbling nitrogen through the reaction. 

35 TABLE 12A 

Portion 1 Parts bv weioht fa rams) 

' isobutyl methacrylate (IBMA) 7.21 

9- Vinylcarbazole (VC) 7.21 
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2-(Methacryloyloxy)ethyl acetoacetate (AAEM) 0.6 

2,2 -Azobis (2,4-dlmethyl valeronitrile): Va20®-52 0.48 

Tetrahydrofuran (THF) 1 5.0 

5 Portion 2 

2,2'-Azobis (2,4-Glimethyt valeronitrile): Vazo®-52 1 .5 

Tetrahydrofuran 32.0 

Portion 3 

10 isobutyi methacrylate (iBMA) 19.79 

9-Vinylcarba2ole (VC) 26.9 

2-(Methacfyloyloxy)ethyl acetoacetate (AAEM) 5.4 

Tetrahydrofuran (THF) 18.0 



15 Total 136.68 



The monomers and the Initiator in portion 1 of Table 12A above 
were dissolved In 15 grams of THF in the reaction flask. Nitrogen was 
sparged through the solution In the reaction flask while heating the 

20 solution by a mantle to reach the reflux temperature. Then the portion 2 
Vazo®-52 Initiator dissolved In 32 grams of THF and the portion 3 
monomers in 18 grams of THF were fed simultaneously into the reaction 
flask at a uniform rate over 5 hours and 4 hours respectively at reflux 
temperature. After the initiator feed (portion 2) was over, the reaction 

25 solution was held at reflux temperature for another 60 minutes. Rnally 
after cooling to room temperature, the polymer was precipitated by adding 
the polymer solution into excess (800 grams) of petroleum ether and 
solvent was decanted. The polymer was rinsed twice with petroleum ether 
and dried in a vacuum oven for 48 hours at 50^. The polymer yield was 

30 95.4%. 

EXAMPLE 17 

In this example, a phenanthroline group was present as a second- 
type functional group providing electron transport. 

A terpolymer of isobutylmethacrylate(IBMA) / 2-hydroxyethyl 
35 methacrylate (HEMA) / acetoacetoxyethyl methacrylate(AAEM) was used 
as a precursor polymer to attach the electron transport functionality. The 
IBMA/HEMA/AAEM terpolymer (46.56/46.57/6.87 nrVm/m) was prepared 
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by charging the components listed in Table 13A below to a 250 mL flask 
equipped with a thermocouple, stirrer, dropping funnels, reflux condenser, 
and the means for bubbling nitrogen through the reaction. 

5 TABLE 13A 

Portion 1 Parts bv weight farams) 

Isobutyl methacrylate (IBMA) 7.21 
2-Hydroxyethyl methacrylate (HEMA) 6*6 
2-(Methacryloyloxy)ethyl acetoacetate (AAEM) 0.6 
1 0 2,2'-Azobis (2,4-dimethyl valeronitrile): Vazo®-52 0.48 
Tetrahydrofuran (THF) 15.0 

Portion 2 

2,2'-Azobis (2,4-dimethyl valeronitrile): Vazo®-52 1 .5 

15 Tetrahydrofuran 32.0 

Portion 3 

Isobutyl methacrylate (IBMA) 19.79 

2-Hydroxyethyl methacrylate (HEMA) 18.12 
20 2-(MethacryloyIoxy)ethyl acetoacetate (AAEM) 5.4 

Tetrahydrofuran (THF) 18.0 

Total 136.68 

25 The monomers and the initiator in portion 1 of Table 13A atx^ve 

were dissolved in 15 grams of THF in the reaction flask. Nitrogen was 
sparged through the solution in the reaction flasi^ while heating the 
* solution by a mantle to reach the reflux temperature. Then the portion 2 
Vazo®-52 initiator dissolved in 32 grams of THF and the portion 3 

30 monomers in 18 grams of THF were fed simultaneously into the reaction 
flask at a uniform rate over 5 hours and 4 hours respectively at reflux 
temperature. After the initiator feed (portion 2) was over, the reaction 
solution was held at reflux temperature for another 60 minutes. Finally 
after cooling to room temperature, the polymer was precipitated by adding 

35 the polymer solution into excess (800 grams) of petroleum ether and 

solvent was decanted. The polymer was rinsed twice with petroleum ether 
and dried in a vacuum oven for 48 hours at 50^. The polymer yield was 
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99.0%. The molecular weight (Mn) and the polydispersity (Pd) of the 
terpotymer were 1 0,284 and 2. 1 5 respectively. 

The electron transport group will be attached to the above 
precursor polymer using the procedure of Example 15, The precursor 
5 polymer will be reacted with 5,6-bis(chlorocarbonyl)-4,7-dlphenyH , 1 0- 
phenanthrollne In the presence of triethyiamlne. The polymer will be 
obtained by removing the solvent. 

EXAMPLE 18 

In this example, a carbazole group was present as a second-type 
10 functional group providing hole transport, and a phenanthroline group was 
present as a second-type functional group providing electron transport. 

A tetrapolymer of isobutylmethacrylate(IBMA) /9-vinylcarbazole/ 2- 
hydroxyethyl methacrylate (HEMA) / acetoacetoxyethyl 
methacrylate(AAEM) was used as a precursor polymer to attach the 
1 S electron transport functionality. 

The IBMA/ VC / HEMA / AAEM terpolymer (33.14/30.0/30,0/6.87 
m/m/m) was prepared by charging the components listed in Table 14A 
below to a 250 mL flask equipped with a thermocouple, stirrer, dropping 
funnels, reflux condenser, and the means for bubbling nitrogen through 
20 the reaction. 

TABLE 14A 

Portion 1 Parts bv weioht farams) 

Isobutyl methacrylate (IBMA) 4.91 
25 9-Vinylcait)azole (VC) 6.04 
2-Hyclroxyethyl methacrylate (HEMA) 4.07 
2-(Methacryloyloxy)ethyl acetoacetate (AAEM) 1 .53 

2,2'-Azobls (2,4-dlmethyi valeronitrile): Vazo(§>-52 0.48 
Tetrahydrofuran (THF) 16.0 

30 

Portion 2 

2.2'-Azobis (2.4-climethyi valeronitrile): \/azo®-52 1 .5 

Tetrahydrofuran 32.0 

35 Portions 

Isobutyl methacrylate (IBMA) 14.31 

9-Vlnylcart)a20le (VC) 17.6 

2-Hydroxyethyl methacrylate (HEMA) 1 1 .85 
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2-{Methacryloyloxy)ethyl acetoacetate (AAEM) 
Tetrahydrpfuran (THF) 



4.46 
18.0 



Total 



136.68 



. The monomers and the Initiator in portion 1 were dissolved In 
1 5 grams of THF In the reaction flasic Nitrogen was sparged through tfie 
solution in the reaction flask while heating the solution by a mantle to 
reach the reflux temperature. Then the portion 2 Vazo(S>-52 initiator 

10 dissolved In 32 grams of THF and the portion 3 monomers in 18 grams of 
THF were fed simultaneously into ttie reaction flask at a uniform rate over 
5 hours and 4 hours respectively at reflux temperature. After the initiator 
feed (portion 2) was over, the reaction solution was held at reflux 
temperature for another 60 minutes. Finally after cooling to room 

15 temperature, the polymer was precipitated by adding tiie polymer solution 
Into excess (800 grams) of petroleum ether and solvent was decanted. 
The polymer was rinsed twice with petroleum ether and dried In a vacuum 
oven for 48 hours at 50%. The polymer yield was 95%. The molecular 
weight (Mn) and tiie polydlspersity (Pd) of the terpolymer were 13,123 and 

20 2.47 respectively. 

The electron transport group will be attached to the above 
precursor polymer using the procedure of Example 15. The precursor 
polymer will be reacted with 5,6-bis(chlorocarbonyl)-4,7-diphenyM,10- 
phenanthroline In the presence of triethylamine. The polymer will be 

25 obtained by removing the solvent. 



Table 4 


Example 


Composition 
molar % 


Molecular 
Weight (Mn) 


PD 


.1 


nBMA/l^/IAA 
85.5/1 sis 


18,347 


2.69 


2 


nBMA /MAA 
47.6/52.4 


7.691 


1.87 


3 


nBI^A/i\^ 
85.5/15.5 


10.302 


1.92 


4 


nSiy/IA /MAA 
47.6/52.4 






5 


IBMA/AAEM 
93.13/6.87 


8,712 


1.9 


6 


IBMA/AAEM 


18.390 


2.8 
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93.13/6.87 






7 


IBMA/AAEM 
69.32/30.68 


17,331 


2.08 


8 


IBMA/AAEM 
69.32/30.68 


7,749 


1.82 


9 


MMA/HEMA 
56.52/43.48 


38.361 


3.11 


10 


MMA/HEMA 
30.23/69.77 


41 ,258 


3.18 


11 


MMA/HEMA 
79.59/20.41 


30,308 


3.07 


12 


IBMA/HEMA 
89.17/10.83 


113,185 


2.39 


13 


IBMA/SSATBA 

80/20 






14 


IBMA/SSATBA 
90/10 


116,249 


2.43 


16 


IBMA/HEMA-bipy 
89.17/10.83 






16 


IBMA/VC/AAEM 
46.56/46.47/6.87 


11.360 


2.81 


17 


IBM/\/HEMA-phen/AAEM 






18 , 


IBM/WA/HEMA-phen//VAEM 






CP-1 


NBM/\/MMA 
86.3/13.7 


9,579 


1.53 



EXAMPLES 19^20 

These examples illustrate the preparation of polymeric-metal 
complexes of a lanthanide metal. 

EXAMPLE 19 

This example illustrates the preparation of a polymeric europium 
complex In which the first-type functional group is a diimine. 

A CH2CI2 (10 mL) solution of Eu(TTFA)3 (0.150 g) was added to a 
CH2CI2 (10 mL) solution of Polymer 15 (0.500 g). TTFA is 4,4,4-trifluoro- 
1-(2-thienyl)-l,3-butanedionate and Polymer 15 is a copolymer of 
IBMA/IHEMA to which a bipyridyl group is attached. The resulting mixture 
was allowed to stir at room temperature for 48 hours. After the solvent 
was evaporated, a light-orange sticky solid was obtained (0.440 g). ""^F 
NMR (CeDe): 5-80.62 (major), -78.84 (minor). 

EXAMPLE 20 

This example illustrates the preparation of a 5polymeric europium 
complex in which the first-type functional group is a carboxylic acid. 



10 



15 
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To a THF (50 mL) solution of Polymer from Example 4 (1 .00 g, 28% 
wt in THF) was added Eu(N03)3 (0.72 g, 1 .6 mmol) followed by EtaN 
(0.22 mL, 1-6 mmol) to give a viscous solution. After stirring the reaction 
mixture overnight, the solvent was removed by filtration to yield a white 
5 solid. This solid was re-dissolved in THF (50 mL) to which was added the 
p-dicarbonyl form of TTFA (0.72 g, 1 .6 mmol) and EtaN (0.45 mL, 
3.2 mmol), and stirred overnight The resulting polymer was precipitated 
with hexane, filtered, dissolved in THF (50 mL) and then re-precipitated 
withhexane. Filtration yielded a fluffy white solid (0.661 g). i^FNMR 
10 (CDgClg): 5-75.56. 

EXAMPLE 21-23 
These examples illustrate the preparation of polymeric-metal 
complexes of iridium. 

EXAMPLE 21 

15 This example illustrates the preparation of a 2-phenylpyridine 

compound, 2-(4-fluorophenyl)-5-trifluoromethylpyridlne, which is used to 
form the precursor iridium complex. 

The general procedure used was described in O. Lohse, 
P. Thevenln, E. Waldvogel Synlett, 1999, 45-48. A mixture of 200 ml of 

20 degassed water, 20 g of potassium cartx)nate, 150 mi of 
1 ,2-dimethoxyethane, 0.5 g of Pd(PPh3)4, 0.05 mol of 5- 
trifluoromethylpyridine, and 0.05 mol of 4-fluorophenylboronic acid was 
refluxed (80-90X) for 1 6-30 h. The resulting reaction mixture was diluted 
with 300 ml of water and extracted with CH2CI2 (2 x 100 ml). The 

25 combined organic layers were dried over MgS04, the solvent 
removed by vacuum. The liquid products were purified by fractional 
vacuum distillation. The solid materials were recrystallized from hexane. 
The typical purity of isolated materials was >98%. The compound was 
characterized as follows: 



30 



"»HNMR 1QFNMR 



Analysis, % found (calc.) 



7.08(2H), -62.75 • 0,60.39(59.75), 
7.62(1 H), (3F,s) H,3.38 (2.90), 

7.90(3H), -1 1 1 .49 N, 5.53 (5.51 ) 

8.80(1 H), (m) 
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EXAMPLE 22 

This example illustrates the preparation of an hydroxo Iridium dimer 
as a precursor metal complex. The complex was prepared using the 2-(4- 
fluorophenyl)-5-trifluoromethylpyridine prepared in Example 21 , and has 
5 the Tenth Formula above. 

A mixture of lrCl3-nH20 (54% Ir; 510 mg), 2-(4-fluorophenyl)-5- 
trlfluoromethylpyridine (725 mg), water (5 mL), and 2-ethoxyethanol 
(20 mL) was vigorously stirred under reflux for 4.5 hours. After a solution 
of NaOH (2.3 g) in water (5 mL) was added, followed by 20 mL of water, 

10 the mixture was stirred under reflux for 2 hours. The mixture was cooled 
down to room temperature, diluted with 50 mL of water, and filtered. The 
solid was vigorously stirred under reflux with 30 mL of 1 ,2-dichloroethan6 
and aqueous NaOH (2.2 g in 8 mL of water) for 6 hours. The organic 
solvent was evaporated from the mixture to leave a suspension of an 

IS orange solid in the aqueous phase. The orangia solid was separated by 
filtration, thoroughly washed with water, and dried under vacuum to 
produce 0.94 g (95%) of the iridium hydroxo dimer (spectroscopically 
pure). 1H NMR (CD2CI2): -1.0 (s, 1H, IrOH), 5.5 (dd, 2H), 6.6 (dt, 2H), 7.7 
(dd, 2H), 7.9 (dd, 2H), 8.0 (d, 2H), 9.1 (d, 2H). i^F NMR (CD2CI2): -62.5 

20 (s, 3F), -109.0 (ddd, IF). 

EXAI^PLE 23 

This example illustrates the preparation of a polymeric iridium 
complex in which the first-type functional group Is a p-dicarbonyl. 

The hydroxo iridium dimer from Example 22 (167 mg) was added to 

25 a THF (5 mL) solution of 90:10 w/w IBMA - AAEM polymer (prepared as 
described inExample 5; 517 mg). The mixture was stirred for 1 day until 
all solids dissolved and then kept at room temperature for 6 days. As the 
reaction occurred, the originally bright orange, pooriy photoluminescent 
solution turned orange-yellow and developed strong photoluminescent 

30 (green) properties. Evaporation of the solution and drying the residue 
under vacuum (2 x 10-3 mm Hg) at 25^0 for 20 hours yielded Uie product 
quantitatively, as a homogeneous brange-yellow glassy solid material. 

The above procedure resulted In a polymer with 1 00% attachment 
of the Ir chromophore to the first-type functional groups (p-dlcarbonyls). 

35 Similariy, luminescent polymers were prepared with 20%, 25%, and 50% 
of the acetoacetic ester functionality modified with the Ir complex, by 
varying the polymer to Ir dimer ratio. 



43 



wo 02/31896 PCT/USOl/31449 

EXAMPLES 24-27 

These examples Illustrate the preparation of polymeric-metal 
complexes of aluminum. 

EXAMPLE 24 

5 This example Illustrates a typical synthesis of a Schiff base llgand. 

9.38 g 3,5-di-tbutyl-2-hydroxybenzaldehyde was dissolved into 
25 mL methanol and mixed with a solution of 2.3 g 1 ,2-diaminoben2ene 
also in 25 mL methanol. This mixture was refluxed for 4 hrs during which 
time a solid yellow precipitate fomns. After cooling the solid is collected by 
10 filtration and washed with methanol then suction dried to yield 10.6 g 
(92%). The product stajcture is illustrated in Equation 4 as material A. 

EXAMPLE 25 

A second Schiff base llgand was prepared according to the 
procedure of Example 24, usingi ,2-diamlnocyclohexane in place of the 
IS diaminobenzene. 

EXAMPLE 26 

This example illustrates a typical synthesis of a precursor Al 
complex, the ethylaluminum Schiff base complex. 

2.2 g of the Schiff base llgand from Example 24 was dissolved In 
20 dry toluene inside a nitrogen filled glove box. 4 mL of a 1 M solution of 
triethylaluminum in hexane was then added and the mixture stirred for 1 hr 
while gently refluxing. The solution was then evaporated to dryness and 
the orange solid recrystallized from methylene chloride/hexane to give the 
product in 88% yield and with the structure as illustrated in Equation 4, 
25 materials. 

EXAMPLE 27 

A second precursor Al complex was prepared according to the 
procedure of Example 26, using the Schiff base from Example 25. 

EXAMPLE 28 

30 This example illustrates a typical synthesis of polymeric-metal 

complex in which an Al Schiff base is attached to polymer having sulfonate 
functional groups. 

0.5 g polymer from Example 13 was converted to its acidic form by 
Ion-exchange with a strong acid ion exchange resin in THF/water. 0.395 g 

35 of the ethylaluminum Schiff base material from Example 26 was added to 
a solution of this acidic polymer in 1 0 nriL dry THF under nitrogen and the 
mixture stirred overnight. The yellow solution became brightly green 
photoluminescent as the reaction proceeded and ethane gas was slowly 
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evolved. Upon evaporation, a glassy yellow solid was recovered in 
quantitative yield. The solid was protected from atmospheric moisture 
until use in spin-coating experiments. 

EXAMPLE 29 

5 A second polymeric-metal complex with an Al Schiff base attached 

to a polymer having sulfonate functional groups was prepared according to 
the procedure of Example 27, using the precursor aluminum compound 
from Example 27. 

EXAMPLE 30 

10 The polymeric-metal complexes from Examples 23, 28 and 29 were 

used to make devices and tested according to Procedure 1 . The results 
are given in Table 5 below. 



Table 5. 



Polymeric 
Complex 


HT layer 

■ 


EL layer 
thickness,A 


Voltag 

e 


Peak 

Radiance, 

cd/m* 


Example 23 


PEDOT 


790 


36 


0 


* 


PEDOT 


650 


25 


0 




PEDOT 


510 


25 


157 




PEDOT/PVK 


790 


60 


0.4 




PEDOT/PVK 


510 


25 


1.0 




PEDOT/PVK 


460 


20 


0.3 




PEDOT/PVK 


430 


20 


0.3 




PVK 


510 


45 


673 




PVK 


510 


40 


753 




PVK 


460 


40 


925 




PVK 


430 


40 


610 


Example 28 


PEDOT 


895 


34 


11 




PEDOT 


700 


30 


122 




PEDOT/PVK 


895 


55 


91 




PEDOT/PVK 


700 


55 


99 




PEDOT/PVK 


560 


50 


17 




PEDOT/PVK 


500 


50 


38 




PVK 


560 


45 


165 




PVK 


500 


40 


75 


Example 29 


PEDOT 


820 


45 


.1.4 



45 
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PEDOT 










rcUU l/r'VIx 




fi7 


9 7 




PEDOT/PVK 


670 


60 


13 




PEDOT/PVK 


670 


50 


1.4 




PEDOT/PVK 


560 


50 


1.6 




PVK 


670 


50 


17 


• 


PVK 


560 


50 


21 



EXAMPLE 31 

The polymeric-metal complex from Example 23 was used as the EL 
layer In devices made and tested according to Procedure 2. The EL 
5 polymeric-metal complex was spun using a 2 wt% solids solution In 

chlorobenzene. The luminance was about 1 cd/m^ at 20 V for EL material 
spun at 1 000 rpm; about 1 0 cd/m^ at 20 V for EL material spun at 
4000 rpm. 

COMPARATIVE EXAMPLE A 
10 The complex CC-2 (79 mg), control polymer CP-1 (200 mg) and 

dichloromethane (8 mL) were stirred at room temperature for 2 hours. The 
solution was evaporated. The concentration of iridium, Ir, constituted 
6.8% by weight of the blend, as in Example 23, As the solution was being 
reduced in volume, solid complex CC-2 precipitated out as a separate 
IS crystalline phase. After all volatiles were removed and the solid residue 
was dried under vacuum, the product was spin-coated from chloroform 
onto an ITO glass substrate according to Procedure 2. When the coating 
dried, the iridium complex separated from the polymeric material and 
fomied crystals. This material could not be used to make a device. 

20 EXAMPLE 32 

The polymeric-metal complex from Example 28 was used as the EL 
layer in devices made and tested according to Procedure 2. The EL 
polymeric-metal complex was spin-coated using a 2 wt% solids solution in 
chloroform. The results are given in Table 6 below. 
25 EXAMPLE 33 

Devices were made and tested according to the procedure of 
Example 32 using the polymeric-metal complex of Example 29. The 
results are given in Table 6 below. 
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COMPARATIVE EXAMPLE B 

The complex CC-3 was blended with control polymer CP-1 In 
toluene, so that the aluminum complex constituted 40% by weight of the 
blend. The total solids content in solution was 1 .7 wt%. The blend was 
S used as the EL layer in devices made and tested according to 
Procedure 2. The results are given in Table 6 t)eiow. 



Table 6. 



Example 


Spin speed, 
rpm 


Voltage 


Peak Radiance 
cd/nf)2 


32 


4000 


20 


34 


33 


4000 


20 


0.5 


Comparative B 


4000 


20 


no emission 



10 EXAMPLES 34-35 

These examples illustrate the preparation of polymeric-metal 
complexes of rhenium. 

EXAMPLE 34 

In this example the polymeric-metal complex is Re(CO)3(2,2'- 
15 bipyridine)(polymer-bound phenylsulfonate). 

fRerCO>^r2.2'-biDvridine^rrHF^l(SbFg ^: This complex will be made 
according to the procedure for making [Re(CO) 3 (2,2 - 
bipyridine)(MeCN)](PF6) reported In T.J. Meyer & J. Caspar J* Phys. 
Chem. 1 983, 87, 952-957, but using AgSbFg in THF instead of AgPFe In 
20 MeCN. 

The polymeric rhenium complex will be made according to the 
following scheme: 
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Reagent Amt. MW Mmoi Eg 

Polymeria 120mg 0,118 1.0 

[Re(CO) 3 (2,2'-blpyridlne) 
5 (THFOKSbFe) 87 mg 734.27 0.118 1.0 

1 ,2-dichloroethane 1 5 mL 

The reaction components will be combined and allowed to reflux 
under nitrogen with stirring for 1 hour. Then the volatiles will be removed 
10 in vacuo, to afford the desired polymer. The tetrabuty (ammonium 
hexafluoroantimonate byproduct will be removed via organic solvent 
extractions of the crude polymeric rhenium complex. 

EXAMPLE 35 

In this examples, the potvmeric metal complex is Re(CO)3fpolvmer- 
15 bound-4-carboxy-2,2'-bipyridlne)Br. 

fRefCO)^ (2,2'-biDvridineli3r1 : This complex will be made according 
to the procedure for making [Re(CO)3(2,2'-bipyridlne)CI] reported in T J. 
Meyer & J. Caspar J. Phys. Chem. 1983, 87, 952-957, but using the 
bromo analog of the starting materl£d. 
20 The polymeric rhenium complex will be made according to the 

following scheme: 




HCH. 




m 



CQjCHaCHM^ ^ ..j__-pHCH2|f/ CO^CHjCHM^ 

CICHzCHaCt ex. B3N 



" + A.1h 

cq_3~C' 




m 



CO (1 equlv) 
Br ^ 



Br 



25 Reagent Amt. MW Mmol Eg 

Polymer 12 2.00 1.537 1.8 

[Re(CO)3(4-chlorocarbonyl-2,2'-bpy)Br] 481 mg 568.79 0.845 1.0 

Et3N 777 mg 101.19 7.69 9 

1 ,2-dichloroethane 60 mL 

30 
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The reaction components will be combined and allowed to reflux 
under nitrogen with stirring for 1 h. Then the volatlles will be removed In 
vacuo, to afford the desired polymer. The triethylammonlum hydrochloride 
byproduct will be removed via organic solvent extractions of the crude 
S polymeric rhenium complex. 

EXAMPLE 36 

This example illustrates the preparation of a polymeric-metal 
complex salt, Eu(F6acac)4HNMe2-IBMA/DMAEMA (P12008-108): where 
F6acac is hexafluoroacetylacetone [CF3C(0)CH2C(0)CF3l 
10 Polymer with tertiary amine functionality:IBMA/DMAEMA (60/40 m/m) 
copolymer 

The isobutylmethacrylate(IBMA) / 2-(Dimethylamino)ethy( 
methacrylate (DMAEI\4A) copolymer was prepared by charging the 
components listed in Table 15A below to a 2 L flask equipped with a 
15 thermocouple, stirrer, dropping funnels, reflux condenser, and the means 
for bubbling nitrogen through the reaction. 

TABLE ISA 

Portion 1 Parts bv weight 
20 (grams) 

Isobutyl methacrylate (IBMA) 24.08 
2-(Dimethylamino)ethyl methacrylate (D1\/IAEMA) 17.76 
Acetone 266.25 

25 Portion 2 

2,2'-Azobis (2,4-dimethyl valeronrtrile): Vazo(S>-52 1 4.72 

Acetone 176.63 

Portion 3 

30 Isobutyl methacrylate (IBMA) 218.18 
2-(Dlmethylamino)ethyl methacrylate (DMAEMA) 159.81 



Total 877.49 

t 

35 The monomers in portion 1 of Table 15A above were dissolved in 

266.25 grams of acetone in the reaction flask. Nitrogen was sparged 
through the solution in the reaction flask while heating the solution by a 
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mantle to reach the reflux temperature. Then the portion 2 Vazo®-52 
initiator dissolved in 176.63 grams of acetone and the portion 3 monomers 
were fed simultaneously into the reaction flask. Eighty one point twenty 
nine percent (81 .29%) of initiator solution was fed over two hours and the 
5 remaining 18.71% of the initiator solution was fed over 1 hour. The 
monomer solution was fed uniformly over three hours. After the initiator 
and the monomer feeds (portions 2 and 3) were over, the reaction solution 
was held at reflux temperature for another 2 hours. Finally after cooling to 
room temperature, the polymer was dried by stripping the solvent using a 
10 vacuum pump. The polymer yield was 95%. 

Polvmeric-metal complex salt Eu^Feacac^j^HNMe^-IBMA/DMAEMA 

The polymer IBMA/DMAEMA from above (1 .00 g) was added to an 
EtOH (8 mL) solution of FSacac (0.52 g, 2.5 mmol). This mixture was 

IS stirred at room temperature for ten minutes to give a clear solution, after 
which a water (5 mL) solution of EUNO3.6H2O (0.28 g, .62 mmol) was 
added. The resulting mixture was heated to lOO^'C until about --60% of its 
volume evaporated (via a Dean Stark trap). After rennoval from heat 
50 mL of water was added. This solution showed red photoluminescence. 

20 The polymeric-metal complexes of the invention do not suffer from 

the above-described processing disadvantages. The polymeric backbone 
can be chosen to render the complex soluble in a variety of common 
solvents, as is well known in the art. The backbone polymer is usually 
soluble in a variety of organic solvents, as is well known in the art. 

25 Therefore, the polymeric-metal complexes can also have solubility in the 
same solvents. The polymeric backbone and the metal complex are 
generally stable to air and moisture. Crystallization is inhibited when the 
metal complex is bound to the polymer backbone. In addition, the 
polymeric backbone can be modified to obtain the desired physical 

30 properties of the coating. Since the backbone is not the light-emitting 
species, changes in its structure have little or no effect on light emission. 
Furthermore, the bound light-emitting species may be less able to migrate 
during device operation. This possible decrease in migration can improve 
device performance and lifetime by maintaining the initial dispersion of the 

33 light emitting centers. In the absence of attachment to the polymer 

backbone, the metal complex emitter species have a tendency to migrate 
through the emission layer under the influence of the applied electric field. 
Such migration and aggregation typically has a negative impact on the 
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light emitting properties of the materials. The polymeric-metal complex 
salts of the invention also are soluble In a variety of common polar 
solvents, are generally stable to air and moisture, generally do not 
crystallize because of the bulk of the polymer, and can be modified to 
5 obtain the desired physical properties. The metal complex ion Is similarly 
bound and not able to migrate during device operation. 
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CLAIMS 

What fs claimed Is: 

1 . An organic electronic device comprising an emitting layer 
wherein the emitting layer comprises at least one functionalized polymer 

5 having a plurality of first-type functional groups and wherein at least a 
portion of the first-type functional groups are coordinated to at least one 
metal. 

2. The device of Claim 1 wherein the first-type functional group is 
selected from carboxylic acid groups; carboxylic acid salts; sulfonic acid 

10 groups; sulfonic acid salts; groups having an OH moiety; primary, 

secondary and tertiary amines; imines; diimines; N-oxides; phosphines; 
phosphi'ne oxides; and p-dicarbonyl groups. 

3. The device of Claim 1 wherein the metal Is selected from 
lanthanlde metals, the Group 7 metals, Group 8 metais, Group 9 metals, 

IS Group 10 metais, Group 1 1 metals, Group 12 metals and Group 13 
metals. 

4. The device of Claim 1 wherein the metal is selected from 
europium, terbium, thulium, rhenium, ruthenium, osmium, rhodium, iridium, 
platinum, palladium, gold, aluminum and zinc. 

20 5. The device of Claim 4 wherein the metal is selected from 

europium, terbium and thulium, and is further coordinated to at least one 
ligand selected from enolates, phosphlne oxides, N-oxides, and diimines. 

6. The device of Claim 4 wherein the first-type functional group is 
selected from phosphlne oxides, N-oxides, and diimines, the metal is 

25 selected from europium, terbium and thulium, and the metal is further 
coordinated to at least one enolate ligand. 

7. The device of Claim 5 or 6 wherein the dllmine is selected from 
phenanthrolines and dipyridines. 

8. The device of Claim 5 or 6 wherein the N-oxtde is selected from 
30 pyridine N-oxides, bipyridirie bis-N-oxides, and isoquinoline N-oxides. 

9. The device of Claim 4 wherein the metal is Ir and is further 
coordinated to at least one ligand selected from 2-arylpyridines, 2- 
arylpyrimidines and 2-arylquinolines having an Eighth Formula: 
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10 



20 




(Eighth Formula) 



wherein: 



adjacent pairis of Ry Rs can be joined to form a five- or six- 
membered ring, and 

R^-Re can be the same or different from each other and are 
selected from H. alkyi, aryl, alkyiaryl, CsHaFb. OCsHaFb, and 
OCF2X, where s is an integer between 1 and 6, a + b = 2s + 
1,andX = H.CI, orBr, 
1 0. The device of Claim 9 wherein at least one of Ri - Rs is 
selected from F, CsHaFb. OCsHaFb, and OCF2X, where s = 1-6.a + b=:2s 
+ 1,andX = H,CI,orBr. 
15 11. The device of Claim 4 wherein the metal is AI and is further 

coordinated to a Schiff base ligand. 

12. The device of Claim 1 1 wherein the Schiff base ligand has an 

Eleventh Formula below: 




(Eleventh Formula) 



where A is alkyI, cycloalkyi, or aryl: and 
25 X, Y are the same or different from each other and are selected 

from alkyI and aryl. 
13. The device of Claim 12 wherein A is a group selected from 1 ,2- 
phenyl, 1 .2-cyclohexyl, and 1 .3-propyl; and X, Y are the same or different 
from each other and are selected from 3,5-di-t-butyi and 3-(2.ethylpropyl). 
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14. The device of Clajm 1 1 wherein the first-type functional group is 
a sulfonate. 

1 5. The device of Claim 1 wherein the emitting layer further 
comprises a charge transport material. 

5 16. The device of Claim 1 5 wherein the charge transport material is 

a hole transport material and is selected from N,N -diphenyl-N,N'-bisj[3- 
methylphenyl)-[1,1'-blphenyl]-4,4'-diamine (TPD) and bis[4-(N,N- 
diethylamlno)-2-methylphenyl](4-niethylphenyi)methane (MPMP). 

1 /• The device of Claim 15 wherein the charge transport material is 
10 an electron and hole transporting material selected from 4,4'-N,N'- 

dlcarbazole biphenyl (BCP), chelated oxinold compounds of aluminum, 
polyvinylcarbazole, and polyaniiine. 

18. The device of Claim 1 wherein the polymer further comprises at 
least one of second-type functional groups, said second-type functional 

IS groups selected from charge transporting groups and fluorescent groups. 

1 9. The device of Claim 1 8 wherein the second-type functional 
group is a hole transporting group and is selected from an arylamine 
moiety and a carbazole moiety. 

20. The device of Claim 1 8 wherein the second-type functional 

20 group is a hole and charge transporting group and comprises a conjugated 
unsaturated moiety. 

21 . A polymeric metal complex comprising at least one 
functionalized polymer having a plurality of a first-type functional group, 
wherein at least a portion of the first-type functional groups are 

25 coordinated to at least one lanthanide metal ions, said at least one 
lanthanide metal ions are further coordinated to at least one ligand 
selected from enolates, phosphine oxides, N-oxides, and diimines. 

22. A polymeric metal complex comprising at least one 
functionalized polymer having a plurality of a first-type functional groups 

30 selected from enolates, phosphine oxides, N-oxides, and diimines, 
wherein at least a portion of the first-type functional groups are 
coordinated to a lanthanide metal ions. 

23. A polymeric metal complex comprising a at least one 
functionalized polymer having a plurality of a first-type functional group, 

35 wherein at least a portion of the first-type functional groups are 

coordinated to at least one iridium ions said at least one iridium ions are 
further coordinated to at least one ligand selected from 2-arylpyridines, 2- 
arylpyrimidines and 2-arylquinolines having an Eighth Formula: 
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20 





R4 

(Eighth Formula) 

wherein: 

adjacent pairs of Rf- Ra can be joined to form a five- or six- 
5 memlDered ring, and 

R^-Re can be the same or different from each other and are selected from 
H, alkyi, aryl, allcylaryl, CsHaFb» OCsHaPb, and OCF2X, where s Is an 
integer between 1 and 6, a + b = 2s + 1 . and X = H, CI, or Br. 

24. The polymeric metal complex of Claim 23 wherein at least one 
10 of Ri - Ra is selected from F, CgHaFb, OCsHaFb, and OCFgX. where s = 

1-6, a + b = 2s + 1, and X = H, CI, or Br. 

25. A polymeric metal complex comprising at least one 
functionalized polymer having a plurality of a first-type functional group, 
wherein at least a portion of the first-type functional groups are 

15 coordinated to at least one aluminum ions said at least one aluminum 
ions are further coordinated to a Schiff base ligand. 

26. The polymeric metal complex of Claim 25 wherein the Schiff 
base ligand has an Eleventh Formula below: 




(Eleventh Formula) 



where A is alkyi, cycloalkyl, or aryl, and 
25 X, Y are the same or different from each other and are selected 

from alkyi and aryl. 
27. A polymeric metal complex. comprising a polymeric material 
having a plurality of a first-type functional group, wherein the first-type 
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functional group is a dllmine and wherein at least a portion of the first-type 
functional groups are coordinated to a rhenium ion. 

28. A polymeric metal complex comprising a polymeric material 
having a plurality of a first-type functional group, wherein at least a portion 

5 of the first-type functional groups are coordinated to a rhenium ion, which 
is further coordinated to at least one diimine ligand. 

29. An organic electronic device comprising an emitting layer 
wherein the emitting layer comprises at least one functionalized polymer 
having a plurality of first-type functional groups having a charge and at 

10 least one metal complex having an opposite charge. 

30. The organic electronic device of Claim 27 wherein the first-type 
functional groups are negative and are selected from carboxylate, 
sulfonate, alkoxide, and amide. 

31 . The organic electronic device of Claim 27 wherein the first-type 
IS functional groups are positive and are ammonium groups having organic 

substituents selected from alkyi, aryl, and combinations thereof. 

32. The organic electronic device of Claim 29 wherein the metal 
complex is a lanthanide metal in a +3 oxidation state which is coordinated 
to four enolate ligands. 



* 
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(57) Abstract: The present invention is 
generally directed to a polymeric metal 
complex comprising a polymeric material 
having a plurality of a first-type functional 
groups, wherein at least a portion of 
the functional groups are coordinated to 
at least one metal containing complex, 
polymeric-metal complex salts comprising 
at least one polymeric material having 
a plurality of first-type functional groups 
having a chaige, and at least one metal 
complex having an opposite chaige. It 
further relates to devices that are made 
with the polymeric metal complex or the 
polymeric-metal complex salt 
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1. Claims: 1-8,15-22,29-32 

Organic Light Emitting Diode Comprising an Polymeric 
Europium Complex 

The prior art (D. Zhang et al. Jpn. J. Appl. Phys. 38 (1999) 
L46. (XP1086542)) describes an organic light emitting diode 
using an Eua-t- polymer complex emitter. 

The new features in claims 8,16,19-20 are the use of 
pyridine N-oxIdes as ligands for the Europium complex, as 
well as the use of co-polymers comprising (beside the 
Eu-complex) also hole transporting and/or light emitting 
moieties. 

The special technical features as defined In rule 13(2) PCT, 
are pyridine N-oxIdes as ligands for the Europium complex, 
as well as the use of co-polymers comprising (beside the 
Eu-complex) also hole transporting and/or light emitting 
moieties. 

The objective problem is to improve the efficiency of 
organic light emitting diodes comprising an polymeric 
europium complex. 



2. Claims; 9,10.23.24 . , . 

Polymeric Iridium Complex 

The prior art (D. Zhang et al. Jpn. J. Appl. Phys. 38 (1999) 
L46. (XP1086542)) describes an organic light emitting diode 
using an Eu3+ polymer complex emitter. 

The new features in claims 9-10,23,24 are a polymeric 
iridium complex and It's use in a organic light emitting 
diode. 

The special technical features as defined in rule 13<2) PCT, 
are a polymeric iridium complex and It's use in an organic 
light emitting diode. 

The objective problem is to provide a polymeric Iridium 
complex and It's use In an organic light emitting diode. 



3. Claims: 11-14,25,26 

Polymeric Aluminium Complex 

The prior art (D. Zhang et al. Jpn. J. Appl. Phys. 38 (1999) 
L46. (XP1086542)) describes an organic light emitting diode 
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using an Eu3+ polymer complex emitter. 

The new features In claims 11-14,25,26 are a polymeric 
aluminium complex and It's use in a organic light emitting 
diode. 

The special technical features as defined In rule 13(2) PCT, 
are a polymeric aluminium complex and It's use In an organic 
light emitting diode. 

The objective problem Is to provide a polymeric aluminium 
complex and it's use in an organic light emitting diode. 



4. Claims: 27,28 

Polymeric Rhenium Complex 

The prior art (D. Zhang et al. Jpn. J. Appl- Phys. 38 (1999) 
L46. (XP1086542)) describes an organic light emitting diode 
using an Eu3+ polymer complex emitter. 

The new features In claims 27»28 are a polymeric rhenium 
complex. 

The special technical features as defined In rule 13(2) PCT, 
are a polymeric rhenium complex. 

The objective problem is to provide a polymeric rhenium 
complex. 
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